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The exciting new Sky-Watcher SynScan™ Alt-Azimuth GoTo Mount is a Precision Engineered Instrument that will allow you to Easily Find 
and enjoy viewing Night Sky Treasures, such as Planets, Nebulae, Star Clusters, Galaxies and much more. The SynScan™ AZ hand control 
allows you to point your telescope at a specific object, or even Tour the Night Sky at the touch of a button!! The User-Friendly menu system allows 
automatic slewing to over 42,900+ objects. Even an inexperienced astronomer can master its variety of features in a few observing sessions. 
Combined with telescope OTA’s of proven High Quality, these Superb Packages are all you need to Explore the Universe to your Heart’s Content!! 


Prod.Code: 10209 


130MM (5.1") F/650 COMPUTERISED 
PARABOLIC NEWTONIAN REFLECTOR (let) Fantastic performance from this highly capable 
all-rounder, Its precision Parabolic primary mirror captures 30% more precious starlight 
than a 114mm reflector for bright, sharp, contrasty views of a wide range of night sky 
objects. Supplied with 10mm & 25mm Eyepieces and 6x30 Finderscope 
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127MM (5°) F/1500 COMPUTERISED 
MAKSUTOV-CASSEGRAIN (right) A larger version of the Skymax-102 providing a massive 55% more light 
gathenng power and packing an even more powertul punch than its smaller cousin for medium-to-high- 
power work. Supplied with 10mm & 25mm Eyepieces, 90° Star Diagonal and 6x30 Finderscope. 
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Astronomy Now Magazine 


102MM (4") F/500 
COMPUTERISED REFRACTOR (below) Ideal multi-coated instrument for the wide-field 
observation of Deep-Sky objects, such as Nebulae, Star Fields & Clusters and galaxies 
A wsetul telescope for astrophotography and also for daytime terrestrial use. Supplied 
with 10mm & 20mm Eyepieces, 45° Erect Image Diagonal and 6x30 Finderscope 
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Prod.Code: 1020/7 


114MM (4.5") F/500 
COMPUTERISED PARABOLIC 
NEWTONIAN REFLECTOR (left) 

This telescope with its superb parabolic 
optics provides excellent all-round 


performance for both the observation of 


the Moon & Planets and Deep-Sky 
objects. Supplied with 10mm & 25mm 
Eyepieces and 6x24 Finderscope 
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BBC Sky Al Night Magazine 
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102MM (4°) F/1300 COMPUTERISED 
MAKSUTOV-CASSEGRAIN (right) 

This compact telescope, with it's high-resolution 
mult-coated optical system, excels all 
medium-to-high-powers for the exanunation 

of the surface detail of the Moon, plasets 

and also for double-star observations: 

Also useful for terrestrial use. Supplied 

with 10mm & 25mm Eyepieces, 90° Star 
Diagonal and 6x30 Finderscope 
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Database: Total 42,900+ Objects, including Complete M, NGC, IC & SAO Catalogues »* Alignment Method: Two-star or Brightest star.alignment 


© Pointing Accuracy Enhancement (PAE) feature * Unknown Object Indentitication feature * Pointing Accuracy upto 10 are min © Tracking Mode: Dual Axis Tracking 
* Tracking Rates: Sidereal, Lunar, Solar * Slewing Speeds: 1.0x, 2.0x, 16x, 32x, 64x, 128x, 400x, 500x, 600x, 800x »* Quiet Operation 

© Motor Type & Resolution: DC Servo Motors. Resolution 0.8923 arc sec or 1,452,425 steps/rev © PC Compatible: can be used with popular Planetarium Software 

© SynScan Handset Firmware upgradeable via the Internet * Power Requirement: 12v OC Power Supply (Tip Positive) or AA Batteries (not supplied) 


/ have used a great number 
of telescopes; some are good, | 
some mediocre and some 
bad. fo me the Sky-Watcher 
range of instruments are very 

| good indeed, & suitedto 
amateurs of all kinds - ang 
they are not priced out of the 
market! Excellent value 
Use them and enjoy them.” 
Sir Patrick Moore CBE FAS 
(1923-2012) 


Our Products are Available from Dealers throughout the UK 


OPTICAL VISION LTD 

UNIT 3, WOOLPIT BUSINESS PARK 
WOOLPIT, BURY ST. EDMUNDS 
SUFFOLK IP30 SUP 


OPTICAL VISION LIMITED 


These portable 
12v rechargeable power supplies are highly 
recommended for use with all SynScan™ mounts 


COMPREHENSIVE COLOUR CATALOGUE with Full Details of our 
EXTENSIVE PRODUCT RANGE as well as Helpful Information & Advice 


Order Your FREE Copy Today — 


17Ah Power Tank 
Product Code: 20154 


7Ah Power Tank 
Product Code: 20153 


ov, Please contact us, or Check our Website for your Nearest Stockist 


Importers and Distributors of Sky-Watcher 
Astronomical Telescopes, Helios, Acuter, 
Barr and Stroud Binoculars & Spotting Scopes 
and ‘Zenith’ Microscopes. 
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Thank ames for Gravity. 
I don't mean the subtle yet 


Eli coke vere nunnele)(ckje)sanetrerel 
makes the universe what 
_it is today (althouglf thank . 
goodness for that, too). I'm 
‘talking about the 2013 film’ 
: idotclmciengpyarsave bevavene(-litcdainael 
-movie buffs and space fans for months after 
its initial launch. Its popularity seems to have 
’ started.a trend in autumnal Hollywood science- 
fiction flicks; which have made an effort to draw 
attention to at least some space science, even ifs 
-Christopher Nolan did let creative license run wild 
mild eh del=beoyaloetsKeyap) Vel @ le) (c¥-VeleR=>.coye)eVelciise 
_ little too much for our liking. 
Mars is much closer to home. Not just ina* 
cosmological sense, but for many of you reading 
this issue of All About Space, manned missions 





"IE we find life On: 5 

Europa, it-will indeed ~ 

. beasecond genesis - 

a second nen of life 
In our Solar System.” 


Cynthia Phillips, Planetary bees 
- NASA Jet Propulsion Laboratory’__ 
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‘astronauts to be using ona mission to the Red _ 
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will happen within your lifetime.-The technology 
being developed and tested today, be it growing 
plants in low-gravity, radiation Shielding or. 
NASA's mighty, re-usable Space teen System, 
is already tangibly near to what we thight expect 


Planet, some time in the rlext 30 to 50 years or 
so. That's close enough for us to.poke holes the * 
moment Ridley Scott’ S The Martian ne . 


as this is getting the exposure it deserves. “= 


- Baad —— 


Sa 


| "Crew roster . 


eile Sparrow p il 
i : MGiles tracks the 
pioneering Russian 
manned missions 
that were the 
drivingforceofthe _ 
» spaceAge. > 





e 7 > ; Gemma Lavender apes 
— 2" = ‘M@Thisissue’sRed - ~. . 
eae 2 ’ k “ 4 Planet feature 
i fae — — = F falls toGemma, - 
aes Fn : es ~ whdcan'twait = | 
. , foramanned 
‘ : A os F Mars mission. 
. Jonny O'Callaghan 
: Beiter 
~ Europa? Jonny 
. hopes that 
NASA's future 
aalscioshilaesutar 
inarevate)iitahasicct 







- : Laura Mears 

m@ What have those 
astronauts been 
doing on board the 
ISS all this time? 
Laura investigates 
on page 54. 
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Star trails, jets 

from Comet 67P 
and a space simulation 
chamber can be found 
in this month's Amazing 
Images 


FEATURES 


Surviving on 
Mars 


We talk to the experts aiming to 
conquer the Red Planet 


Starquakes 


The mammoth tremors that reveal 
stellar insides 


Gamma-ray 
bursts 


Meet some of the most powerful 
events in the universe 


10 amazing 
space station 
experiments 


Discover the trials on board the 
International Space Station 


Mars Colonial 
Transporter 


SpaceX's capsule concept to ferry 
people to another world 


Gaia 
Take a look inside the spacecraft that's 
building a 3D picture of the Milky Way 








The 
Cosmonauts 


How Russia beat America in the 20th 
century Space Race 


Tethys 


Explore the dramatic surface of 
Saturn's bright moon 


Europa’s alien 
oceans 


All About Space takes a look at the 
mission set to probe the ice moon for 
life in its underground sea 


How do 
planetary 
orbits work? 


Investigate how the Sun's gravitational 
force keeps planets in their regular 
elliptical pathways 


Kepler-452b: 
NASA's biggest 
breakthrough 


We speak to the man who discovered 
our planet's ancient cousin, which 
was recently found to be orbiting a 
Sun-like star 
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“Kepler-452b allows us to answer 
the question: are there other worlds 


66 Jon Jenkins, 
NASA 
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Top tips and astronomy advice 


for stargazing beginners 


Dark sky 
astronomy 
Improve your stargazing experience 
under skies free of light pollution 


Telescope mount 


buyers guide 

We have the one that's right for you 
How to 
view Uranus 


See the giant ice planet tonight 


What's in the sky? 


A guide to the night skies this mont 


Me and my 
telescope 
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Your stargazing stories and images from 


this month 


Astronomy kit 
reviews 


Essential gear for astronomers and 
space fans alike 






j . a 


=o 


98 Heroes ofSp 





e 


Alexei Leonov, first man 


to walk in space 
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Star trail images are created by giving a night sky 
photograph a long exposure time, often hours, to show 
the apparent motions of the stars through the sky. The 
characteristic concentric circles that a star trail photo 
creates are caused by the Earth spinning on its axis. 

A range of colours - including yellows, blues, oranges, 
pinks and turquoises - can all be seen illuminating the sky 
in locations around the world. The shades are a result of 
different surface temperatures of the stars. 
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Sounding out 
the aurora 


For the last 40 years, NASA‘s Sounding 
Rocket Program has used suborbital 
missions to provide scientific and technical 
information to the space agency. In January 
2015, the Auroral Spatial Structures 

Probe (ASSP) was launched with the 

goal of learning how the Northern Lights 
interact with the Earth's atmosphere. The 
ASSP carried seven instruments to study 
electromagnetic energy, the source of 
atmospheric heating during auroral events. 
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Coma 
creation 


Comet 67P/Churyumov-Gerasimenko has 
been under intense observation by the 
Rosetta spacecraft for some time now, 
with particular scrutiny given recently to 
its outgassing, seen in this image as the 
diffuse beams leading off the neck and 
left-hand lobe. With a scale of 13.1 metres , 
(43 feet) per pixel, this activity is several 
kilometres long in this image alone, but 
how this translates into the comet's 
enormous coma is still being studied. 


www.spaceanswers.com 


Edge of the void 


Galaxies usually clump together in enormous 
structures known as galactic clusters, a little like the 
way stars group together inside them. But NGC 6503 is 
a bit of a hermit, found at the edge of a patch of space 
that's practically empty of stars or galaxies, Known 

as the Local Void. This cosmic wasteland is over 150 
million light years wide and can be found 18 million . ° 
light years from us. NGC 6503 itself is just a third of the 
size of the Milky Way, at a mere 30,000 light years, so 
is little more like a speck compared to the Local Void. 
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2015 asteroid collision 
with Earth "very 
unlikely", says NASA 


The American space agency quashes fears that a 


planetary body will impact our planet near Costa Rica 


Rumours were abound that an asteroid is set to 
cause wanton destruction to the Atlantic and Gulf 
coasts of Mexico and the United States, as well as 
Central and South America, this month. The belief, 
which originated from a number of blogs and 
websites focused around the Blue Moon Prophecy 
(a biblical hypothesis that heralds the coming of the 
‘end times’), was causing such a viral ruckus online 
that NASA itself had to step in to address the issue 
head on. As per usual, its response was quick and to 
the point. 

"There is no scientific basis - not one shred of 
evidence - that an asteroid or any other celestial 
object will impact Earth [in September]," comments 
Paul Chodas, manager of NASA's Near-Earth Object 
office at the Jet Propulsion Laboratory in Pasadena, 


Discovered back in December 2014 

by the internationally operated 
Gemini Planet Imager (GPI), 51 Eridani 
(Eri) b is providing a fascinating 
insight into how young planets 
interact with their home star and 
whether other galaxies formed similar 
planets to our own. “This is exactly 
_the kind of planet we envisioned 
discovering when we designed GPI" 
says UC Berkeley professor James 
Seelecientgoce) emcee meas 

The exoplanet 51 Eri b is also 

intriguing because of its similarity - 
and differences - to our very own gas 
giant, Jupiter. Current theories relating 
to the creation of gas giants suggest 
they are formed over a long period 








California. "If there was an object large enough to 
[wipe out civilisation], we would have seen it by 
now." 

Unsurprisingly, this isn't the first time such a 
rumour has snowballed, nor is it the first time the 
American space agency has had to allay fears of 
near-Earth objects striking the surface of our planet. 
In 2011, forums and less reputable news sources 
became fixated on the so-called ‘doomsday comet’ 
C/2010 X1 (otherwise known as Elenin), falsely 
reporting it to be the remnants of a rogue planet 
called Nibiru - a planetary body large enough to 
cause a mass extinction event on Earth. By the time 
the comet had passed the Earth on 16 October 2011 
it had broken up into debris after crossing paths 
with a solar storm, quashing false statements. 


"Teenage Jupiter’ could reveal how - 
planets are made | — 


NASA scientists are now helping decode 
new data from a young, gassy exoplanet . 


of time before quickly attracting 
surrounding hydrogen and other 
gases to form an’atmosphere. Data 
received from the GPI suggests that 51 | 
Eri b and other gas-based exoplanets — 
were formed much faster as 
materials collapsed at a swifter rate. 
"The newly discovered 51 Eri 
b is the first planet that's cold 
enough and close enough to the , 
starthat it could have indeed * 
formed right where it is, the ‘old- 

» fashioned way’,” says Stanford 
professor Bruce Macintosh, principal 
investigator of the GPI. "This planet 
really could have:formed the same 
way Jupiter did - the whole Solar , 
System could be a lot like ours.” @ 





While it was quick to dismiss the new rumours 
surrounding the supposed asteroid, NASA's 
Near-Earth Object office still takes the subject of 
planetary impacts very seriously. However, Chodas 
and his team want the public to know that any 
known Potentially Hazardous Asteroids have a 
less than 0.01 per cent chance of striking Earth. If 
there were any life-altering bodies hurtling towards 
us, the team at Jet Propulsion Laboratory would 
certainly know about it. 

NASA has one last statement on the matter: 
"Again, there is no existing evidence that an asteroid 
or any other celestial object is on a trajectory that 
will impact Earth," says Chodas. "In fact, not a single 
one of the known objects has any credible chance of 
hitting our planet over the next century." @ 
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NASA tracks asteroids and 
other rogue planetary bodies 
up to 48 million km (30 million 
mi) from Earth via satellite and 
ground-based telescopes 


Black hole jets found to ignite star birth 


NASA's Hubble telescope 
has shed light on how 
old galaxies continue to 
produce fresh stars 


Two teams studying the massive 
elliptical galaxies in the Cluster 
Lensing and Supernova Survey 
have found new evidence to 
suggest the birth of white-blue 
stars is linked in a cycle with the 
high-energy jets of surrounding 
black holes. This system of arrested 
development involves the jets 
heating halos of surrounding gas - 
the lifeblood of star creation - thus 
regulating the way these gases 
re-enter a given galaxy. 

“Think of the gas surrounding 
a galaxy as an atmosphere,’ 
explains the lead of one team, 
Megan Donahue at Michigan State 
University. “Tt can contain material 
in different states, just like our 
own atmosphere has gas, clouds 


‘www.spaceanswers.com 





and rain. We are seeing a process like 
a thunderstorm. As the jets propel 

gas outwards from the centre of the 
galaxy, some of it cools and forms 
cold clumps that fall back towards the 
galactic centre like raindrops.” 

These ‘raindrops’ eventually cool 
enough to become star-forming clouds 
of cold molecular gas. "Hubble has 
allowed us to directly observe these 
‘showers’ of star formation,” adds 
the lead of the second team, Grant 
Tremblay of Yale University. “We know 
that these showers are linked to jets 
because they're found in filaments and 
tendrils that wrap around these jets or 
hug the edges of giant bubbles that the 
jets have inflated. They end up making 
a swirling ‘puddle’ of star-forming gas 
around the central black hole.” 

The new discovery also proves that 
new star births are not always caused 
by catastrophic events such as galaxy 
collisions and are in fact part of a 
wider and continuous cycle. @ 





Both teams studied the far-ultraviolet 
light from elliptical galaxies that are 
raining and forming stars, as well as 
the activity at their centres 
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Dead star 
activity 
discovered 


The powerful remnants of dead 
stars have been captured by 

the ESA's XMM-Newton X-ray 
observatory. The study showed 
neutron stars and black holes 
manipulating nearby gas pockets 
via X-ray emissions. 


New ESA 
rockets get 
green light 


The ESA have begun development 
of a new generation of rockets 

- Vega C and Ariane 6. Due for 
launches in 2018 and 2020 
respectively, the new rockets will 
replace the Ariane 5 rocket and 
the current Vega model. 


Smallest black 
hole uncovered 


A black hole located at the centre 
of the dwarf disc galaxy RGG 118 
is fascinatingly small - it’s 50,000 
times the mass of the Sun, which 
is only half that of the smallest- 
known black hole on record. It 
could provide vital data on how 
such objects grow heavier. 


Rosetta comet 
reaches 
perihelion 


Last month Comet 67P/ 
Churyumov-Gerasimenko, the 
ESA Rosetta probe's main focus, 
made its closest approach to the 
Sun. On 13 August, the comet 
passed within 186 million km (116 
million mi) of our star. 
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The LADEE program ran 
for 223 days before it was 
intentionally crashed 

on to the surface of the 
Moon on 18 April 2014 h a 


















Location of 
Supernova 2005cz 


A glimpse into the cycle that sees 
vagabond supernovae exploding far 
from their home galaxies 


Supernovae found 
in ‘wrong place at 
wrong time’ —— 


NASAs Hubble has found . . = 
Neon discovered in lunar ‘atmosphere 


some stars exploding sooner 
The long-speculated presence of the gas has finally been confirmed 


! 
than expected 


A study of 13 supernovae - including 
fresh and archived data captured 

by NASA’'s Hubble telescope - aims 
to explain why certain young stars 
explode early, hurling them far from 
their original galaxies. 

“We knew these stars were far 
from the source of their explosion 
and wanted to find out how they 
arrived at their current homes,” 
explains lead scientist Ryan Foley 
of the University of Illinois, which 
has been tracking everything from 
merging galaxies and double stars to 
twin black holes 

Foley and his team have studied a 
number of different rogue planetary 
systems and lone supernovae. 

They have proposed that each one 
migrated from its initial position 
thanks to supermassive black holes 
fired up by colliding galaxies. “With 
a single black hole, occasionally 

a star will wander too close to it 
and have an extreme interaction,” 
explains Foley. “With two black 
holes, there are two reservoirs of 
stars being dragged close to another 
black hole. This dramatically 
increases the likelihood that a star 
is ejected.” 

Could this have created enough 
energy to hurtle a star or collapsing 
planetary system out of its galaxy? 
The evidence points towards a weak 
explosion. “We know that these 
blasts have a lower kinetic energy 
than typical supernovae,” adds 
Foley. “They also appear to have 
less ejected mass - a more energetic 
explosion would completely unbind 
the star." @ 
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For decades, scientists have 
theorised that our lunar neighbour's 
atmosphere contains traces of neon, 
the chemical element commonly used 
in illuminated signs. Now, thanks to 
NASA's Lunar Atmosphere and Dust 
Environment Explorer (LADEE), we 
know that the Moon's atmosphere 
jalo)Celswante)comdarctem|Uciar-menscomar(ecn 
"The presence of neon in the 
‘atmosphere’ of the Moon has been a 
subject of speculation since the Apollo 
missions, but no credible detections 
were made," says Mehdi Benna of 


NASA's Goddard Space Flight Center 
and the University of Maryland. "We 
were very pleased to not only finally 
confirm its presence, but to show that 
it is relatively abundant." 

This considerable concentration 
of neon in the Moon's exosphere 
(a thinner version of the Earth's 
atmosphere, and one that's far more 
common in planets in our Solar 
System) comes in part from solar 
winds bombarding the satellite. 


However, data collected from LADEE'’s 


on board Neutral Mass Spectrometer 


(NMS) has confirmed some of this gas 
is naturally occurring. 

Data from the NMS shows that the 
Moon's exosphere is comprised mostly 
of the noble gases helium, argon and 
neon. The quantity of these elements 
present varies depending on the time 
of day, with the abundance of argon 
peaking at sunrise, neon at 4am and 
helium at lam. Analysis of the data, 
which had been collected over seven 
months, showed that some of these 
gases come from the lunar rocks rather 
than the solar wind. @ 








Sounding rocket to ey hottest __ of Sun 


NASA's MOSES2 
aims to study the 
mysteries of the 
Sun's atmosphere 


If there's one area of solar physics 
that’s fascinated and bemused 
scientists more than any other, it’s 
the stark difference in heat between 
the Sun's surface and its atmosphere, 
otherwise known as coronal heating. 
The atmosphere is around 1,000 times 
hotter than the boiling solar surface 
within it. Anew NASA mission aims 
to use an instrument known as a 
Multi-Order Solar EUV Spectrograph or 
MOSES-2 to capture images of the Sun 
in extreme ultraviolet (EUV) light. 
“The transition region is a pretty 
interesting place,” explains Charles 
Kankelborg, principal investigator for 
MOSES-2 at Montana State University. 
The transition region refers to the 


> \\" 


migration of energy from the Sun's 
surface, where hydrogen is fused in its 
tumultuous heart. Such energy would 
usually cool as it dissipates outwards, 
but the Sun's corona instead gets 
hotter - it is not yet known why. 

A number of theories for the Sun's 


[OSES-2 will m. keal ninu 
an ona ing rock 


super-heated outer layer have been 
proposed, but Kankelborg and his 
team believe solar flares are the 
culprit. With MOSES-2 set to make 

a 15-minute scan of the Sun ona 
specially designed soaring rocket, that 
theory will soon be put to the test. @ 
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be able to make a home out of the Red Planet? 


Written by Gemma Lavender 





Stranded on Mars. That's the fate that befalls one Should anything go wrong, it is an 18-month wait for 
unfortunate astronaut in Ridley Scott's new film The a new launch back home, and then a further eight 
Martian, based on the novel by Andy Weir. With no months travel time. The first astronauts to step foot 
way to contact home, he must rely on his skills and on Mars will have to look after themselves. 
‘the equipment available to stay alive in the face of The motto for a future Mars mission might read 
deadly Martian elements. ‘be prepared’. Knowing that astronauts will be on 
While the film and book are both works of Mars by themselves for a long time, any mission will 
fiction, it is true that going to Mars will be the most require all the equipment they could conceivably 
dangerous crewed space mission ever attempted. need to survive, plus back-ups and spares for when 
There are dust storms, radiation, an unbreathable things inevitably break. Carrying all this cargo 
atmosphere, fierce coldness and low gravity to at once would need a big ship, requiring a large 
contend with, while the astronauts themselves will amount of fuel. Instead, the idea is to send as much 
have to constantly be in top physical and mental as possible to Mars ahead of the astronauts in the 
condition in the most challenging of environments. form of pre-cursor missions, so that supplies and a 
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power source is waiting for them when they arrive. 
One of these pre-cursor flights will also act as the 
astronauts’ return vehicle to bring them back to 
Earth. It will make its own rocket fuel by reacting a 
small amount of hydrogen that it carries with it to 
Mars with the plentiful carbon dioxide in the Red 
Planet's atmosphere. This chemical reaction produces 
oxygen that can be used as rocket propellant. So, if 
anything does go wrong when the astronauts first 
touch down on Mars, there will be a ship there ready 
and waiting, guaranteed to be able to bring them 
home. Their landing craft will also double up as a 
habitation module, or at least part of one - a place 

for them to live and work. When the crew is ready to 
return to Earth, the habitation module is left behind 
for the next mission to use. An additional habitation 
module is left behind with each mission, gradually 
forming the beginnings of a permanent base on Mars. 

An advocate of this mission plan is Kevin Nolan, 
author of the book, Mars: A Cosmic Stepping Stone. 
He highlights that giving Martian astronauts a decent 
chance of succeeding and surviving in their mission 
is going to take patience - rushing to Mars would 
make the astronauts unlikely to come home again. 

“If we're to set people on the surface of Mars then 
it most likely cannot happen before 2040," Nolan 
says. “The notion of placing people on the surface 
for a required 500-day stay there requires significant 
resources such as supply missions two years in 
advance, landing miniature nuclear power stations on 
the surface, and providing a facility to manufacture 
the fuel to be able to return home. All of these are 
decades away - so this time period is the most likely 
for actual human missions to the surface.” 

The dangers of living on Mars relate to the Red 
Planet's environment. The atmosphere is 95 per cent 
carbon dioxide with the remaining five percent being 
made up of nitrogen and argon, and a measly O.1 per 
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Our path to Mars «\ 


Steadily, and with the right technology, 
we're hoping to land man on the Red Planet 


Relying on Earth 


Mission length: 6-12 months 
Time to return to Earth: hours 


Humans in orbit 
Rockets have allowed 
astronauts to gain access to 
Space via low-Earth orbit. 


“a 


cent of the atmosphere being oxygen. Contrast that 
with Earth's friendly atmosphere, which contains 21 
per cent oxygen and 78 percent nitrogen. 

The temperature on Mars varies wildly. In the 
summer, near the equator, temperatures can actually 
reach above the freezing point of water, but the air 
pressure is so low (just 0.6 per cent of Earth's surface 
pressure) that water still cannot exist as a liquid, and 
it wouldn't feel very warm. In winter, at the poles, 
the temperature can plummet as low as -125 degrees 
Celsius (-193 degrees Fahrenheit). 

So Mars’ atmosphere is not a mixture that you can 
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International Space Station 
We've managed to master the 
very basics of getting to Mars on 
the International Space Station. 


“Under such low 
ressure your 
blood would boil, 
SO a Spacesult 
is essential to 
surviving on Mars" 





The Red Planet is an 
extremely barren place 
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Landing ona 
foreign body 


Mission length: 1-12 months 
Time to return to Earth: days 


Humans on asteroids ® 
By visiting an asteroid 
redirected to lunar orbit, we're 
hoping to expand our manned 
Space exploration capabilities. 


breathe, and the temperatures mean that you would 
freeze. Not only that, under such low pressure your 
blood would boil, meaning a spacesuit is essential 
to survive on Mars. Specially designed suits are in 
development that will transform any budding space 
adventurer into a Buzz Lightyear lookalike. 

NASA's new Z-series of spacesuits are prototypes 
of what men and women may one day wear when 
they are trudging around the surface of the Red 
Planet. The key difference between the Z-series and 
other spacesuits is that they will be designed to 
make walking easier, which astronauts haven't really 
needed to do when floating in space. Even when 
the Apollo astronauts ventured to the Moon, they 
only had to put up with an ungainly gait for short 
excursions onto the surface. When spending 500 
days on Mars, the astronauts are going to want to 
wear something that is practical and flexible, and not 
as stressful on the human body. The Z-series achieves 
this by having bearings in the shoulders, waist, 
upper legs and ankles that allow greater freedom of 
leg movement and firmer footing. The upper torso 
of the latest version of the suit - the Z2 - is a hard 
shell, so if an astronaut tumbles, they are less likely 
to damage or rip the suit. In Mars’ cold, low pressure, 
unbreathable air, that would be deadly. 

The Z-series spacesuits will essentially be life- 
support systems for the Mars dwellers. Not only 
do they offer protection against the cold and the 
poisonous atmosphere, they also provide air, water 
and even food, and monitor the astronaut’s health. 
Scientists at NASA's Johnson Space Center are 
currently working on an advanced Portable Life 
Support System (PLSS) that will attach to the Z-series 
suit. The PLSS will control the suit's pressurisation, 
as well as remove poisonous carbon dioxide that 
has been exhaled by the astronaut, which would 
otherwise build up in the suit's air recycling system. 
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Getting ready 
for Mars 


Mission length: 2-3 years 
Time to return to Earth: months 


WETalatstem=>¢e)(e)eclieleke)mun=m 
Red Planet 
We're aiming to gain planetary 
independence by landing on 
Mars, its moons and other deep 
space destinations. 


Next generation | 
spacesuit 


The Z2 spacesuit is specifically 
designed for roving the Red Planet 


Moving with ease 
Unlike most spacesuits, 

the Z-series sports a waist 
bearing, which allows extra 
mobility when walking as the 
astronaut swings their hips. 


Hard shell 

The torso on the 

Z2 is built out of 

an impact-resistant 
hard composite, 
increasing its 
durability to protect 
the astronaut inside. 





Amy Ross, NASA 


“The Z-series spacesuit is designed with very good 
walking capabilities. I participated in the spacesuit 
field-testing, where we wanted to understand what 
a suit that we built for the Moon or Mars would be 
like doing its job, and the only way to do that is to 
go out and see. How does the subject in the suit do 
geology for instance? We monitor how well the suit 
allows them or doesn't allow them to do that job, 









Docking port 

The Z-series of spacesuits 
are unique in that they 
feature a docking port on 
the back that allows the suit 
to connect with airlocks on 
vehicles and habitats. 


Life support 

The advanced Portable 
Life Support System 
contains batteries, a 
carbon dioxide remover, 
humidity monitors, oxygen 
and suit pressure controls. 


Sure footed 

An ankle bearing in the 
suit’s boots allows the 
user to step sure-footed 
over rough terrain. 


and what features we need to focus on for further 
development. The strategy we're taking right now 

is looking at what the most challenging aspect is. 
For mobility on Mars, it is being able to walk on the 
surface. We try to design so that we're capable of 
that, so when we have to build a suit for one specific 
mission, we already have the information and 
capability to build a spacesuit that’s going to work." 
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The importance of a safe spacesuit becomes 
clear once you look at what would happen should 
you become exposed to the Martian air. Imagine 
you are on that first human mission to Mars. You 
open the airlock, climb down the ladder and put 
that first booted footprint into the Martian dust. 

You step out and go for a short walk around the 
landing site. Unfortunately you have landed close 

to a gorge. Unaccustomed to the low gravity, you 

fall in, smashing your helmet’s visor on a rock (in 
reality, a Spacesuit’s visor is extremely tough and 
would be hard to break). The oxygen in your helmet 
quickly leaks out and within 15 seconds you lose 
consciousness from the lack of oxygen. The low 
pressure causes your blood to boil, making your skin 
and organs expand. Your body becomes swollen, but 
your blood does not evaporate - instead as it boils it 
sheds heat quickly and, in the cold temperatures of 
Mars, actually freezes. The low pressure and lack of 
oxygen will kill you in less than a minute. 

Another scenario is that one of your suit's air 
valves might develop a small but deadly leak. You 
probably won't hear the air whistling out through 
the hole, as the thin atmosphere muffles sound, but 
the PLSS on your back will alert you to the fact that 
your oxygen and pressure is decreasing, while carbon 
dioxide leaking in from outside is building up, slowly 
suffocating you. Fortunately, air valves, tubes and 
other life support fittings will be standardised not 
only on the suit, but where possible in the habitat 
and any vehicles, making repairs relatively simple. 

A nifty feature of the Z-series suit is that the 
astronaut enters the suit through a port at the back 
- that same port can be used to ‘dock’ with vehicles 
or even habitat buildings and allow safe passage 
inside from the suit. In many ways, a Mars habitat 
will be an extension of the life support system of 
the spacesuit. It will need to keep the astronauts safe 
and comfortable for 500 or more days without being 
resupplied, and with only limited repairs possible 
should damage be incurred. The habitat could be 
hit by dust storms or even a meteorite fall - as the 
atmosphere is so thin on Mars, more meteors are able 
to reach the surface intact than on Earth. 

As discussed earlier, the habitat is likely to be 
made from crew modules that landed on the surface 
during the pre-cursor flights. However, an alternative 
method would be to print and assemble a habitat on 
Mars using a 3D printer. NASA has commissioned 
dozens of plans and designs of habitats in the past 
for use on both Mars and the Moon. For example, 
scientists in the Aerospace Engineering Sciences 
Department at the University of Colorado produced a 
report on the engineering design of a proposed Mars 
habitat, highlighting that each life support system 
needs several layers of redundancy. For example, if 
the water recycling system or the power generator 
breaks down, a back-up would be available to step in, 
and there would be a back-up for the back-up too. 

A Mars habitat also needs to be capable of 
providing food. Surprisingly, scientists believe that 
Martian dirt would be suitable for growing crops in. 
Dutch scientists have tried this in their laboratory, 
by making their own ‘Martian dirt’, based on what 
the Mars rovers and the older Viking missions of 
the 1970s have taught us about its composition. 

The 14 species of plant grown in the Martian dirt 
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Living on another world 


Tuming the Red Planet into our home will 
TANONow ane larvae elel8/e-lul@lelsweleemelitareln@ ars 


Greenhouses 
Astronauts will be able to 
grow their own crops in 
greenhouses, meaning that 
they could keep feeding 
themselves indefinitely. 
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A place to live 
Hermetically-sealed habitats 
that are entered through airlocks 
will support the astronauts. 
However, conditions are likely to 
be cramped, with little privacy. 
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__ Hidden danger 
The pink sky on Mars looks calm 
and serene, but with the onset 
of Martian summer, huge dust 


e@ e@ 
storms can blow up that turn the Bob Zubrin, Mars Society 


sky dark and cover solar panels. “The basic idea is to explore Mars with a ‘travel-light’ 
philosophy, so rather than building giant spaceships in 
orbit loaded with all of the food, water, air, fuel and oxygen 
ea , | required for a round-trip mission, we try to make the most 
aia important of these on Mars. First you'd send a Mars return 
— vehicle with no one in it. That lands on Mars and reacts a 
small amount of hydrogen that it brought from Earth with 





Phoning home — carbon dioxide in the Martian atmosphere to produce a large 

Talking with mission control or loved supply of methane, oxygen rocket propellant and oxidiser. So 
ones back home will be difficult for now you have a fully fuelled Earth-return vehicle sitting on 

Mars astronauts. Because our two the Martian surface. Then you shoot the crew out to Mars in 


planets are so far away from each other, 
a signal will take up to 20 minutes to 
reach from one planet to the other. 


a habitation module that they use as their house while they 
are on Mars exploring. Then after 18 months of exploration 
they get in the Earth-return vehicle and fly back, leaving the 
Wi habitation module on Mars. Each time you do this you add 
A% another habitat to the base and before you know it, you have 
: the first human settlement on another world.” 








Return vehicle 
The way home will already be set 


| 
—_—_ Ce up on Mars when the astronauts 





arrive. Early pre-cursor missions 
will deploy habitats, equipment and 
Low gravity a spacecraft to fly the crew home 
The gravity on Mars is just prior to the astronauts’ arrival. 
38 per cent of the gravity 
on Earth. Astronauts will y 
have to get used to living 7 
and working in this low , 
gravity for months on end. ~ Spacesuit 
The astronauts’ space suits are 
mobile life support systems that 
ae keep the wearers alive despite 
- * ~~ , | the cold and low pressure on 
(i % oe ; . = the surface of Mars. : 
as 
i 
| 4 
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MARS MISSION EXPERT 
Steve Squyres, NASA | 


“Despite having devoted my career to exploring 
the Solar System with robots, I am a strong 
advocate of human exploration, particularly 

on Mars. Humans have an extraordinary 

ability to function in complex environments, 

to improvise, and to respond quickly to new 
discoveries. Robots, in contrast, do best when 
the environment is simple and well understood, 
and when the scientific tasks are well defined 
in advance. The capabilities of humans surpass 
those of robots in complex environments. And 
there is no planetary environment where humans 
can operate in the foreseeable future that is more 
complex than the Martian surface.” 
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replica flourished; they germinated, flowered and 
survived the 50 days that the experiment lasted. 
Dirt on Mars lacks nitrogen and liquid water, which 
plants need, but contains many other nutrients that 
plants can feed from. The introduction of bacteria 
into the dirt can provide a source of nitrogen, and the 
humble watering can will supply the water. Future 
Mars habitats will therefore have a greenhouse 
section where crops are grown. These will have to be 
artificially lit, as the daytime Sun on Mars is fainter 
than it is on Earth. Nevertheless, starvation should 
not be a problem for the Mars population. 

Obtaining water should be a simple task too. Mars 
is a dry world, but there is plenty of water on it, in 
the form of ice. There are the ice caps at the poles, 
but there is also subsurface permafrost ice just below 
the surface, stretching down to the planet's mid- 
latitudes. So water could be obtained by melting this 
ice. Another option is to copy the stranded astronaut 
in The Martian, who burns hydrazine rocket fuel to 
release hydrogen, and combines this hydrogen with 
oxygen produced by his habitat's ‘oxygenator’, which 
splits oxygen from Mars’ carbon dioxide atmosphere. 

A habitat will also act as a shelter to the elements 
outside. Mars has no global magnetic field and a thin 
atmosphere, so it cannot deflect solar radiation. The 
habitat will contain a shielded room to protect from 
the radiation emitted by solar flares. Unfortunately, 
the astronauts will need to rely on fate or good luck 
to protect them from cosmic rays while out and about 
on Mars - prolonged exposure out in the open will 
increase the chances of the astronauts getting cancer 
from space radiation. 

The biggest natural hazard on Mars is the wave of 
dust storms that blow up every Martian summer. The 
biggest ones can envelop the entire planet, coating 


solar panels with dust and concealing the Sun in 
the sky. Martian dust is made of very small particles, 
and the wind speeds are not very high in the thin 
atmosphere. So a habitat is not going to be blown 
over in a storm, but it is possible that the dust could 
find its way into the living area or into electronics, 
causing serious damage. However, the Mars Rovers 
have survived many dust storms; the biggest problem 
they faced was a loss of power as their solar panels 
became covered in dust. Fortunately, astronauts can 
just wipe the panels clean. 

The biggest obstacle to surviving on Mars may not 
be the lack of air, or the cold, radiation or planet-sized 
storms. The biggest killer could be loneliness. Even if 
you not stranded alone like the hero in The Martian, 
and you are with six to ten other astronauts, you 
are still 200 million kilometres (124 million miles) 
from your friends, family and everything you knew 
on Earth. Your calls to home will take 20 minutes 
to get there, and then another 20 minutes to be 
returned. Scientists are attempting to study how long- 
term exposure and isolation in space affects mental 
health - the year-long mission of NASA astronaut 
Scott Kelly on board the International Space Station 
is part of this research. Spending over two years ina 
challenging and alien environment will tax even the 
most mentally strong - unlike a mission to the Moon, 
you can't be back home in three days. 

Astronauts travelling to explore Mars are going to 
need to be tough, both mentally and physically, and 
well prepared for the challenges that meet them. 
However, with scientists and engineers back on 
Earth supporting their mission, years of intensive 
training to help them, and a knack for ingenuity and 
adaptation, perhaps it will be possible to survive on 
Mars after all. @ 


The Mars Curiosity rover (pictured) 
along with other spacecraft have 
allowed us to observe the Red Planet 
before stepping foot on its soil 
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First astronauts land on Mars 


Approximately 24 hours before landing, the crew 
will move from the transit habitat into the landing 
module, bringing some supplies with them. The 


be the first to land man on Mars 


2016 

WEVCRee orladel 

After its selection of 40 
astronauts, Mars One intends 
to simulate Mars’ conditions at 
multiple locations on our own 


Evelehhntcmnntecelel(mi sll mantcamelce-(elemace)snmantcmur-lelyie 
habitat, which is too large to land on Mars. 
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Mars One send first astronauts 

In 2026, the components of the Mars 
Transit Vehicle will be launched to Earth 
orbit after receiving the green light on the 


2022 

Rover exploration 

Exploration of the Red Planet 
is essential before Mars One 
can send humans to its surface. 
By 2020, the organisation 
intends to send a rover to Mars. 


planet, including the Arctic. 











One-way ticket to Mars 


All About Space talks to two Mars One candidates, who 
have been selected to face the challenges of the Red Planet 


What training will you need to be able to survive 
on Mars? 

Ryan McDonald: Perhaps the most important aspect 
of training is spending up to three months each 

year conducting a mission in one of the simulation 
outposts. During these simulations we are continually 
subject to surprises, obstacles and intensive struggles 
with the intention of ensuring that only the most 
committed stick through to the end, since there is no 
turning back once you are on Mars. 


Hannah Earnshaw: We will need to have all the 
Skills necessary to run the settlement ourselves, 

as well as to respond to any emergency without 

help from Earth as a message could take up to 40 
minutes to receive a reply. We will need training 

in engineering, farming and medicine, as well as 
research skills and even knowledge of administration 
and governance of a settlement, as we grow beyond a 
small group of pioneers into a fully functioning town. 


Ryan McDonald: To gain those skills we go through 
an intensive technical study programme, during 
which two members in each crew specialise in 
engineering and two in medicine. We also have 

to spread between ourselves disciplines as diverse 

as dentistry, exobiology, geology and atmospheric 
physics, to name a few. This is part of the reason why 
the training takes at least ten years, since there is a 
huge quantity of material to cover. 
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Are you comfortable with the risk involved? 
Hannah Earnshaw: Any mission involving leaving 
Earth involves danger, and Mars One is no different. 
You have to get comfortable with the idea that you 
might die if something goes wrong in space. In the 
knowledge that every effort will be made to keep 
us Safe, I think that the value of space missions, 
especially a Mars settlement mission, is worth the 
risk to my life. Of course, the last thing that Mars 
One wants to do is send anyone to Mars who isn't 
absolutely willing and committed to go. So we all 
have the option of backing out of the mission right 
up until launch day if we change our mind. 


Ryan McDonald: You have to accept that this is 

not a safe mission. The risk of catastrophic failure 

is around 2.5 per cent - similar to climbing Everest. 
The amount of radiation we will be exposed to 
during the flight to Mars coupled with the exposure 
during surface operations will raise our risk of fatal 
cancer by one to three per cent over our lifetime. The 
selection committee ensures we are clearly aware 
and accept the risks during the interview stage. 


What will be the greatest danger on Mars? 
Hannah Earnshaw: The greatest danger will be the 
unexpected. We have a good handle on the levels 
of radiation we will be exposed to, the effect of dust 
storms on solar panels and so on. It will be freak 
accidents, broken equipment, uncharacteristically 


status of the systems on the Red Planet. 


2024 

Cargo mission launch 
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units, two life support units 

and a supply unit will be sent to 

Mars ahead of the astronauts. By 2025, 
it's hoped that all units will land on 
Mars using a rover signal as a beacon. 


Hannah Earnshaw 


Earnshaw is a PhD student at Durham University. 
Space travel is a lifelong dream for her and she is 
one of five Britons shortlisted by Mars One for a 
one-way ticket to Mars. 


Ryan MacDonald 


Another Briton selected to make the journey to 
Mars, MacDonald has recently completed his 
Master's degree in Physics at Oxford University 
and is soon to be studying exoplanets at 
Cambridge University as a PhD student. 





extreme weather or other things that we cannot 
predict that we will need to be able to respond to 
quickly and creatively in order to survive. 


Ryan McDonald: The final descent to Mars is 
Statistically when things are most likely to go wrong. 
This can be mitigated by using the same automated 
landing system for the human landing as the eight 
prior robotic missions, leading to reasonable trust in 
the reliability of the system. It's worth noting that 
Neil Armstrong's piloted touchdown on the lunar 
surface was never tested in a lunar environment 
before being used for the Apollo 11 landing, so this 
approach of eight prior vetted landing successes 
makes Mars One's entry, descent and landing process 
substantially less risky in general. 
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Seismic waves unleashed by the 
violent forces inside stars are revealing oe 
oles “hidden secrets of stellar interiors ~~ 


Written by Giles Sparrow 





What does a star sound like? It might seem like 

a stfange question, but every star in the sky is 

_ generating sound waves, evenifwecan'thear 4 
them across light years of vacuum. What's more, 
these stellar waves have frequencies much too low 
for human hearing - periods of minutes to hours, 
compared to the 20 to 20,000 cycles per second our 
ears can pick up. 

In effect, these sound waves are the same as the 

' seismic waves that are known to cause earthquakes 
on our own planet. Most earthquakes are triggered 
in Earth's relatively thin outer crust. In a similar 
fashion, stellar seismic Waves are generated by the 
churning of huge masses of gas in the upper layers, 
close to a star's visible surface. Both types of wave 
tipple out in all directions, passing all the way 
through either planet or star. These similarities 
mean that just as geologists can use seismic waves 

. | to probe Earth's inner structure, astronomers are 

— now finding that sound waves can reveal the inner 


* ) secrets of the stars 
f _ Professor Tim Bedding is part of a team at the 
1 ; University of Sydney that has started using this new 
a 1 ws ; 3 ys technique, known as asteroseismology, to study the 
ona a later stages of stellar evolution. “A star is a huge ball 
wt 


of gas, held-together by its own gravity,” he explains, 
many stars undergo oscillations that involve 


periods of these oscillations we can infer 
iditions deep inside the star, such as temperature 


“They'e rather like the oscillations inside the tube 
of a flute or trumpet,” continues Bedding, “except 
that a'star is three-dimensional, which makes its 


Le 
So how do the waves manifest themselves? ’ 
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oscillations more complicated.” 


When a wind instrument is played, the air column 
is limited to oscillating in just one dimension, 
rippling back and forth and the sound waves settle 
into stable patterns known as modes. “But while 
an instrument has a limited number of modes, a 
star like the Sun can oscillate in hundreds or even 
thousands of different modes simultaneously.” 

But there's a problem. - while the Sun is on our 
cosmic doorstep and has been studied in detail by 
‘helioseismologists’ since the 1970s, other stars are 
many millions of times more distant - mere points 
of light through even the most powerful telescopes. 
Directly observing ripples on these stars’ surfaces 
is far beyond current technology, but fortunately, 
as Professor Bedding points out, the waves also 
produce another effect that we are able to measure: 
“They affect the light output of the star, causing its 
brightness to vary in time by small amounts, in a 
very complicated way.” 

That's the theory at least, but putting it into 
practice is another matter: “Measuring those 
brightness variations from the ground is very 
difficult due to the’effects of the Earth's atmosphere. 
What we really need is a space telescope that can 
make regular and very accurate measurements of 
stellar brightness.” . 
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Starquakes 


Fortunately in 2009, NASA launched a satellite that 
provides just this kind of data. The Kepler mission's 
main aim was to detect planets around distant stars 
by measuring the tiny regular dips in their brightness 
when a planet transits across the face of the star. But 
its highly accurate measurements are also perfect for 
asteroseismology. “It's created a revolution in the field 
over the past few years,” enthuses Bedding. 

By identifying the complex interacting wave modes 
influencing a star's brightness, and comparing them 
to computer models of stellar interiors, it’s possible 
to work out the arrangement of layers with different 
densities inside the star. Perhaps the best example so 
far comes from the Sydney team's work on red giants 
- stars near the end of their lives that have swollen to 
enormous size as they start to run out of fuel. 

Stars like the Sun shine due to nuclear fusion of 
hydrogen into helium in their cores. But after a few 
billion years, the core hydrogen is fully converted to 
helium, and the star starts burning the hydrogen ina 
Shell around the core. 

Professor Bedding takes up the story: “When this 
happens, the outer part of the star expands and 
cools, creating a red giant. But at the same time, the 
helium core contracts and gets hotter. Eventually it’s 
hot enough for helium to start fusing into carbon 
and oxygen. So there are two types of red giants: 


“By measuring the period of oscillations 
we can infer conditions deep inside the 


those that have started burning helium in their 
cores, and those that have not. From the outside, 
it’s very difficult to tell the difference, but now 
asteroseismology has given us a way." 

A key difference between the two types of red 
giant, in theory, should lie in the size and density of 
their cores. In the first phase, the dormant helium 
slowly shrinks and grows denser, but once it ignites, 
the pressure of escaping radiation should cause 
the core to expand again, and grow less dense. The 
changing core size and density should produce a 
measurable difference in the seismic oscillations 
affecting the two types of star. 

“Indeed, it turns out that the red giants divide 
neatly into two groups based on observed properties 
known as mixed modes,” continues Bedding, “and 
we can match these with the two groups of red 
giants. This result is a beautiful confirmation of the 
theories of stellar structure and evolution. Until now, 
almost everything we know about the lives of stars 
has come from theoretical calculations, but as in all 
science, it’s vital to test theory by using observations.” 

However, while asteroseismology has helped 
confirm some long-standing ideas about red giants, 
that's not quite the end of the story. “More extensive 
analysis of Kepler data by several groups has turned 
up a puzzle,” admits Professor Bedding. “The rotation 





rates in the cores of these red giants, which we can 
also deduce from asteroseismology, turn out to be 
only about ten times faster than the surface rotation. 
But theory predicts that the core of a red giant should 
rotate hundreds or even thousands of times faster 
than the surface. It's a puzzle that theoreticians are 
currently trying to solve, and is sure to shed new 
light on our understanding of stars." 

What of future research? Hardware failures mean 
Kepler can no longer point accurately towards its 
original field of view, but Tim Bedding sees the bright 
side: “Kepler's new mission, K2, involves looking at a 
series of different fields for about 80 days each. This 
has an advantage for asteroseismology because it will 
allow us to sample oscillating stars in many different 
directions in the galaxy, rather than just one.” 

Beyond Kepler, the Sydney team and others will 
eagerly await planet-hunting missions such as NASA's 
TESS, due for launch in 2017, and the European Space 
Agency's PLATO, planned for 2024. And that's not all 

a -a Danish-led network of ground- 
based telescopes called SONG 
_ is also being developed. With 
) floods of information telling us 
more about a star's insides, we 
could soon know much more 
about them than ever before. @ 


Professor Tim Bedding 

is Head of the School of 
Physics at the University of 
Sydney, and leads a team of 
asteroseismology researchers 


Star, such as temperature’ professor Tim Bedding 


Stellar concert 


Shell burning @ 
Deep inside the star lies a burnt- 
out core of helium surrounded 
by a hydrogen-burning shell 
that generates energy 


Thanks to data from Kepler and other missions, 
it's becoming clear that all stars have their own 
oscillations, like instruments in an orchestra 


Type of star: Sun-like subgiant 
Mass: 1.2 times the Sun's mass 
Radius: 2.1 times the Sun's radius 
Temperature: 5,225°C (9,437°F) 


Type of star: Small red giant 
Mass: 1 times the Sun's mass 
Radius: 5 times the Sun's radius 
Temperature: 5,000°C (9,032°F) 


Small giants @ 
Comparatively small red giants 
generate relatively high-frequency 
waves - though still much lower 
than those of subgiants 


High density star @ 
KIC 11026764 has just 
begun the journey to 
become a red giant. 
Its relatively high 
density produces high- 
frequency seismic waves 


Weak waves @ 
The waves in small 
red giants are also 
comparatively weak, 
with small amplitudes 
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The sound of stars 


By influencing the three types of seismic waves 
passing through it, a star's internal structure affects 
the pattern of oscillations seen at its surface 


f-mode waves @ 
Surface-gravity or ‘f-mode’ 
waves are created at the 
surface and move across the 
star like waves on the ocean 


p-mode waves @ 
Pressure or ‘p-mode’ waves 
are most similar to familiar 
sound waves, and are 
generated by local pressure 
changes inside the star 


g-mode waves @ 
Gravity or 'g-mode’ waves 
are generated where gravity 
counteracts the internal 
buoyancy of rising gas 


Bigger and cooler @ 


As ared giant brightens and swells 
in size its surface cools because 
there is a far larger surface area 

for energy to escape through 


Slower and stronger 
Seismic waves in bigger red 
giants are more powerful, but 
have lower frequencies as they 
move more slowly in the 
low-density stellar interior 
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Type of star: Large red giant 
Mass: 1 times the Sun's mass 
Radius: 20 times the Sun's radius 
Temperature: 4,000°C (7,232°F) 





Cosmic lighthouse @ 
These stars change in 
brightness every few hours, 
but Kepler data helps to 
explain long-term variations 


Strange giant @ 
RR Lyrae stars are an unusual 
group of helium-burning, 
low-mass giants found mostly 
in ancient globular clusters 


in their peaks and troughs 





Starquakes 


— ® Layering 


Just like light waves passing 
from air to water, the passage 
from one internal layer of a 

star to another with different 
properties can deflect waves, 
or even reflect them completely 


® Core chemistry 
The speed at which waves 
travel straight through the 
core reveals its composition 
and likely age - waves 
move faster through higher 
density materials like helium 
that accumulate over time 


® Rotation 
The rotation of a star's core 
influences waves passing 
through or near it, creating 
oscillation patterns that 
can reveal its rate of spin 


Type of star: RR Lyrae star 

Mass: 0.65 times the Sun's mass 
Radius: 5 times the Sun's radius 
Temperature: 6,000°C (10,832°F) 


7 | 





@ Ron Miller 


> AMAZING FACTS ABOUT 


Gam 
urst 






They are extremely 
powerful 


Gamma-ray bursts (GRBs) of an extraterrestrial 
origin are among the most energetic things we know 
of in the universe. A single burst a few seconds in 
duration can release as much energy as the Sun is 
predicted to across its entire 10-billion-year lifetime. 


They can originate 
billions of light 
years away 


Though GRBs come in several different flavours, 
the most powerful are emitted in galaxies billions 
of light years away and can easily be picked up by 
gamma-ray sensitive detectors on Earth. 
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They were first 
thought to be a 
Soviet weapon 


GRBs were first detected in the 1960s by US 
satellites, and were mistaken for a Soviet nuclear 
weapon. A terrestrial origin was ruled out by 

* measuring the burst timings with multiple satellites. 


a-tay 


Gamma-ray bursts 
are among the most 

energetic events in 
the universe 


Massive explosions 
cause them 


Only the biggest and most energetic of cosmic 
events can cause GRBs. The leading theory is that 
powerful GRBs are released when massive stars go 
supernova, before collapsing into a black hole or 
neutron star. 


They could trigger 
a mass extinction 
on Earth 


The nearest GRB candidate to our planet is 8,000 
light years away. If it were to hit Earth with a burst 
of just ten seconds, it would deplete 25 per cent of 
the world’s ozone, eventually killing all forms of life. 
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Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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The International Space Station is more than just an 
outpost in Lspace, it is a huge orbiting research laboratory 


Written by Laura Mears 


* The International Space Station (ISS) houses an 
—_e ae 3 angeeibie airtay of cutting-edge research facilities, 
ad allowing scientists back on Earth to conduct 
_ ©». Pioneering experiments in space. Different space 
al agencies, academic institutions and private 
companies from across the world share the onboard 
facilities, taking it in turns to perform their 
+ experiments. Delicate tests can be conducted in 
microgravity inside the station itself, and outside 
experiments can be exposed to vacuum and 
ius radiation. With a clear view of space and out of the 
reaches of the Earth’s atmosphere, the ISS is also the 
perfect place to investigate the universe. 


i 


Some experiments investigate the physical 
sciences, looking at the behaviour of different 
materials in space, while others focus on biology, 
helping us to understand how the human body is 
affected by space travel, or how to grow food away 
from Earth. Others monitor Earth, taking advantage 
of the ISS’s incredible view of our planet below. 

The station also houses sophisticated equipment to 
examine space itself and inside, advanced technology 
can be developed and tested in microgravity. 

Join us as we investigate ten awesome 
International Space Station experiments, from robotic 
crew members to an orbiting coffee machine. 


Remote-control space 
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10 amazing space station experiments = 
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The ISS is always occupied by at least A its thumb. a oul a 
three human crew members and, Human-like senses | *— ">? e » 
since February 2011, they have been Robonaut has over 350 \ | . ANS 
joined by the Robonaut 2. On its sensors, including five 


: , cameras in its helmet. 
arrival, the robotic crew member met 


the Space Station commander with a 
handshake and greeted the public by 
signing ‘hello world’. 

This incredible robot is the result 
of a collaboration between NASA, 
General Motors, and Oceaneering 
Space Systems. Together, they 
wanted to create a robot that was 
capable of carrying out repetitive, 
uncomfortable or dangerous tasks. 

Robonaut 2's hands are flexible 
like our own - its thumb can bend to 
touch all of its fingers - and it has a 
grip strength equivalent to a human. 
Its arms are soft and padded and 
contain springs that give way easily 
when pushed, allowing astronauts to 
work safely alongside. 

The robot has infrared cameras for 
depth perception and an additional 
four visible light cameras, which help 
it to ‘see’ in stereo. And, since 2014, 
it also has a pair of flexible legs, each 
fitted with an ‘end effector’ where 
the foot should be, allowing it to 
move freely around the station. 

With a little more upgrading, the 









® Padded metal 
Robonaut is made from 
aluminium and steel, 

: but is coatediin soft 

protective padding. es 


Robonaut’'s brain ~~ 
The 38 processors 








team hope that this robotic crewmate , me for J 2 

will eventually be able to work on cortrolingets aaa | iit mal a * 4 
! housed inside its torso. . » = * 4 P 

the outside of the Space Station. | Se SS yO 


ee eo 


Interchangeable lower body Biped legs (in 
Robonaut's body can be attached to development) 
wheels, legs, and even a robotic arm 


Robotic 
arm 


Four-wheeled 
chassis 
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The squids are housed 
in tubes of seawater 


The final flight of NASA's Space 
Shuttle program carried some 
unusual passengers to the space 
station: three Hawaiian bobtail squid. 
These little sea creatures are usually 
found hiding in the sand on the 
Shallow seabeds surrounding Hawaii, 
and at only five centimetres (two 
inches) long, they are the perfect size 
for experiments inside the ISS. 

This particular species was chosen 
because of its close relationship with 
another organism. Hawaiian bobtail 
squid naturally share their bodies 
with a species of bacteria called 
Vibrio fischeri. These bioluminescent 
microbes light the squid's silhouette, 
helping to keep it camouflaged in 
the dappled light of the water. 





2 Squid behaviour in microgravity 


The squid only live for around ten 
months, but these intrepid explorers 
made the journey into space to help 
researchers understand how bacteria 
that live inside animals are affected 
by microgravity. Beneficial microbes 
inside the human body help to 
protect us from infection, so these 
kinds of experiments are going to be 
really important for astronaut health 
on long-term missions. 

With only three squid studied, 
no firm conclusions could be made 
from this first experiment, but 
the team are now confident that 
the squid and their bacteria can 
survive the long trip, paving the 
way for plenty more space squid 
experiments in the future. 


3 Growing tomatoes in space 


Young people across the US and 
Canada are working with NASA to 
find ways of growing food in space. 
Throughout the school year, 1.2 
million tomato seeds will be sent out 
to 18,000 schools. Half of these seeds 
have already made the journey to 
Space and back, spending five months 
on board the International Space 
Station under the watchful eye of 
NASA astronaut Scott Kelly. 

The students do not know which 
are the space seeds and which have 
stayed on Earth, so they will treat 
both the same, planting them, then 
Watching and recording as they 
germinate and grow. This will teach 





www.spaceanswers.com 


the students about plant life cycles 
and how to go about conducting 
rigorous scientific studies. 

Each school will then submit their 
data, informing NASA how many 
seeds they planted, and how many 
actually grew. The results will help 
scientists to understand what happens 
to seeds when they are taken into 
Space, and will be used to help plan 
missions to Mars. 

During the two-year journey to 
the Red Planet, the crew would need 
to grow tomatoes that are not only 
nutritious, but also have leaves that 
can produce clean drinking water, that 
can be captured as it evaporates. 


weeks in microgravity, 
orbiting the Earth at 7.7km 
(4.8mi) per second. 


2 To the space 
station 

The seeds travel to 
the ISS on board 
the SpaceX Dragon, 
a privately owned 
cargo spacecraft. 


600,000 seeds are prepared 
and packed ready for the 
journey into space. Another 
600,000 remain on the ground. 


3 Time in space EZ 
The seeds spend five Aw ~ Ae 
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4 Back to Earth 
The seeds return to 
Earth, where they 

are delivered to 
thousands of schools 
across North America. 





5 The experiment 

The students do not know 
which seeds have been to 
space so that both types are 
grown in the same conditions. 





6 Citizen scientists 

Since the experiment started in 
2001, more than three million 
students have become space 
tomato experts for NASA. 
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WAS Ye cia cep) 
fit using specially 
designed equipment 


Station experiments 


How space travel affects 
the human body 


The crew on the ISS spend over an 
hour every day exercising. This is not 
only vital for their wellbeing; it also 
helps scientists to gather information 
about the effects of space on the 
human body. 


There are three main pieces of gym 


equipment on board the space station 
- an exercise bike, a treadmill, and 

a weights machine - each of which 
has been modified for the conditions 
onboard the ISS. 

A standard weight machine would 
not work without gravity, so the ISS 
Advanced Resistive Exercise Device 
uses pistons and vacuum cylinders 
instead. The astronaut has to pull 
against the vacuum to move the 
machine, and specially designed 


3D.printing would 
be an important step 
towards living in space 














flywheels help to make it feel more 
like lifting weights on Earth. 

When using the treadmill, the crew 
members are strapped down at the 
waist with bungee cords and on the 
bike, their shoes are attached to the 
pedals with special clips. There is no 
point in having a seat on a space bike 
because in microgravity, the cyclist 
does not need to sit down. 

Before, during or after exercise, the 
crew can take part in experiments for 
researchers back on the ground. They 
gather saliva samples, record heart 
rate and breathing, use accelerometers 
and force plates, and even capture 
video footage, allowing scientists to 
learn more about what happens to the 
human body in space. 


In June 2013, flight engineer Chris 
(GETS (e hia role) qrere)slnce) me) m-W@LOb1e)o\e)t 
at NASA's Ames Research Center in 
California, not from the ground, but 
from his station on the ISS. He drove 
around a simulated moonscape 
for three hours, demonstrating the 
AULMUNCom UcrelsDate)(oycavmual-lm@olellem-li lenny 
astronauts in space to send robotic 
scouts to the surface of other worlds. 

K10 is a four-wheel drive robot, 
weighing about 100 kilograms (220 
pounds). It borrows technology from 
undersea exploration and is not 
just remote controlled, but can also 
intelligently plan its route across the 
terrain. K10 moves at a slow walking \ 
pace and builds a 3D picture of its. 
environment using a combination of 
cameras and a scanning laser. 

1G TODs ire ome] ) (2m coe (jp) (oy elente) 
antenna, becoming a mobile 
communications platform. The 
technology is being tested for a 
possible NASA Orion spacecraft 


m @eyslaxe 
rovers from 
the ISS 
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mission, which aims to take a crew 
into orbit around Earth behind the 
far side of the Moon. 

AVVeid nin cavel phate) (oycavanliccman tice 
astronauts could use a remote- 
controlled robot to deploy a radio 
telescope onto the unexplored 
surface. The Moon would shield the 
telescope from Earth's radio chatter, 
allowing us to peer even farther out 
into the universe. 


5 3D printing without gravity | 


Imagine what space travel would be 
like if new parts and tools could be 
delivered to astronauts at the touch 
of a button. That is the aim of Made 
In Space, Inc. and its 3D printer on 
board the ISS. 

In November 2014, NASA 
astronaut Barry “Butch” Wilmore 
became the first person to use a 3D 
printer in space. After a few test runs, 
a Made In Space engineer sent the 
plans for a wrench to the ISS for the 
first test of on-demand printing. Four 
hours and 104 layers of plastic later, 


the wrench was finished. 

Operating a 3D printer in space is 
a huge technical challenge. On Earth, 
gravity helps the plastic to sit in 
neat layers as it is extruded, but on 
the ISS the components would float 
around. Made In Space has tackled 
this problem with some innovative, 
but top-secret technology. 

In February 2015, the printed 
objects were sent back to Earth to 
be examined and compared with 
versions of the same objects that 
were printed on the ground. 
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Flatworms are some of the simplest 
life forms on the planet but they have 
an incredible ability: if you cut them in 
half, each piece will grow into a fully 
formed flatworm. 

This is down to a network of stem 
cells positioned throughout their 
bodies, ready to spring into action 
if damage occurs by dividing and 
changing to form the cells needed to 
build brand new tissues and organs. 

Scientists are starting to understand 
how this process happens on Earth, 
but wondered if the stem cells would 
still function without gravity. This 
could be important in understanding 
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7 Stem cells with flatworms 










a= 


Single head 


how growth and repair in our own 
bodies might change in space. 

The flatworms have travelled to the 
ISS and back again in sealed tubes, 
where they were monitored to see how 
well they repaired themselves. The 
activation of various genes was also 
tracked, and will be compared to the 
patterns that we see back on Earth. 

NASA isn't just interested in the 
health information that can be 
gathered from this research. They 
are also investigating how biological 
processes could inspire technology 
that repairs itself whilst still in use, like 
a living thing. 


Triple head 


Kale) 
advances te 
undersea exploration 












Flight engineer Chris 
Cassidy controlled a robot 
in California from the ISS 


Bipolar head 


Quadruple head 


Under certain conditions, flatworms can generate multiple heads 
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Making hot drinks in space is a 
complex business, but not content 
with the idea of a life without coffee, 
the Italian Space Agency teamed up 
with space food engineering company 
Argotec and coffee giant Lavazza to 
design a machine that could be used 
in microgravity. 

Water at high temperature and 
pressure is difficult to manage in 
Space, so the project was a serious 
engineering challenge. Plastics had to 
be replaced with steel tubing capable 
of withstanding pressures of up to 400 
bar (400 times the air pressure at sea 
level), and the finished product weighs 
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Making coffee 
in Earth-orbit 





a hefty 25 kilograms (55 pounds). 

The ISSpresso machine works in 
a similar way to the coffee machines 
back on Earth, and even uses the 
Same Lavazza coffee capsules. It can 
also make tea and broth. 

An astronaut in need of a hot 
beverage just has to follow these 
simple instructions. Plug the machine 
into a utility outlet panel and install a 
water pouch. Install a NASA standard 
drink bag, and a capsule containing 
the desired drink. Three minutes later, 
the drink is ready. 

Astronaut Samantha Cristoforetti. 


was the first to enjoy a coffee in space. 


The BEAM is due to be carried” 
to the space station in 2015 on ~ 
~ & board a SpaceX Dragon capsule 


Heating | 
Once the water has 
been pressurised, 
it is heated to the 
right temperature. 


Water in 

The water is taken 
into the machine 
and pressurised, 
passing through 

a series of steel 
tubes and into 
the heater. 


Water pouch 

The astronaut first fills a pouch 
with water, and then fastens it 
to the coffee machine. 





There's no need to miss a 
caffeine fix, even in space 





Coffee capsule 
Hot water passes through a 
coffee capsule, and the fresh 
coffee is pushed into the pouch. 


© 5 Pressure 
difference 
A pressure 
differential is 
created inside 
the pouch so 
that when the 
Straw goes in, 
the fresh coffee 
smell rushes out. 


Coffee time 
The whole process takes just three 
minutes, barely longer than you have 
to wait for a coffee back on Earth. 


Testing inflatable homes 


Humans are going to need places 

to live when we travel to the Moon, 
Mars and beyond, and where better 
to test them than the ISS? The 
Bigelow Expandable Activity Module, 
or BEAM for short, is due to be 
carried to the space station in 2015 
on board SpaceX Dragon. 

Packed up, the BEAM only 
measures 1.7 x 2.4 metres (5.7 x 78 
feet), but when filled with pressurised 
air, it inflates to form a space that is 
3.7 x 3.3 metres (12 x 10.5 feet), about 
the size of a small bedroom. 

It is made up of many layers, 
including an air cushion and a 
shield that will protect the structure 
from damage by dust and debris. 


In the case of a collision with a 
larger object, the inflatable room is 
designed to leak air slowly, allowing 
the astronauts on the space station 
plenty of time to react. 

When it arrives, the module will 
be docked with a module of the ISS 
called the Tranquility node, but it 
will not be ready for use straight 
away. It first needs to be tested, so 
temperature, pressure and radiation 
readings will be recorded around the 
clock, and astronauts will enter every 
three months to take measurements 
and to perform an inspection of its 
condition. If all goes well, inflatable 
rooms might become an integral part 
of our space habitats. 
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|OHunting for ~~ 


ahlate@asrlata 


Something about the universe doesn't 
quite add up. Everything that we 

can see - from stars and planets 

to galaxies and black holes - only 
represents around five per cent of 
what is known to be the total mass 
and energy in the system. Where, and 
what, is the other 95 per cent? 

A total of 56 institutes from 16 
countries.around the world have 
come together to find the answer. 
The Alpha Magnetic Spectrometer 


* 


Transition radiation detector 
This detector can tell the difference 


between particles by the X-rays 
that they release - important for 
spotting antimatter. 
" = 
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GANS OPA) weighs 8,500 kilograms 
(18,740 pounds) and was delivered to 
the ISS on the penultimate voyage of 
the Space Shuttle Endeavour. Since 
2011, AMS-O2 has been monitoring for 
signs of antimatter, dark matter and 
dark energy - the missing pieces of 
the universe. 

Assembled at CERN, the home of 
particle physics, AMS-O2 is a particle 
detector. At its core is a huge magnet, 
which measures the charge of any 
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particle coming in, and an arsenal of 
instruments identify other properties, 
including a ‘stopwatch’ that times the . 
particles as they pass through. 
AMS-02 is searching for cosmic 
rays, which are extremely high-energy 
radiation, some of which may be 
charged particles released when darl = . 
matter collides. So far, it has | 
54 billion events, and will continue 
into the hundreds of billions, looking 
for signs of the missing universe. 
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' Time-of-flight scintillator | 
The AMS-O2 team describe this 
- component as the ‘stopwatch’. It 
measures how long each particle 
takes to pass through the detector. — 





_ | Silicone tracker _ 
The tracker measures the path / 
_ of the particles as they are 
oo 
_ bent by the superconducting 
oe _ magnet, detecting the | 
» difference between matter 
and antimatter. e 
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pass, and can separate : 
particles from antiparticles. . 
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4. Cherenkov counter 
| _ This detector is able to 
) _ identify the type of charged -¥ 


particle by measuring the — . 
radiation that it emits as it 


passes through. 
ad 





~ Electromagnetic calorimeter 
As high-energy cosmic particles hit the 
— lead surface of this instrument, they 
produce a shower of low-energy particles, 
and the patterns can > their identity® 
- s 
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Now boarding for Mars: MCT, the first interplanetary spaceliner 



























MCT spaceliner 

The second stage of the 
MCT will be the vehicle 
that travels to and lands 
on Mars. It will carry 
around 100 people. 








Landing legs 
: The MCT will have 
. bigger versions of the 
Falcon 9 landing legs, 
for landing on Mars “ome 
and returning to Earth. | 


Raptor engine . ' 
SpaceX’s new Raptor — % 

engine will power all. ~. 

stages of the MCT. It uses _ ‘ = 

an innovative pumping 7 . be “ 
system to achieve very _ 
high performance. 


q 
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“Musk estimates that a fully 
self-sustaining colony will 
need a million colonists” | 





Saturn 5 ©) First stage 


Saturn 5 is the 
largest rocket 
built to date and 
or] (=re Ha l=W-V ele) (6) 
missions to the 
Moon. MCT will be 
VV (e (=) am 1 1(=) mrs] ace| 
more powerful. 





| The MCT is 
expected to bea 
two-stage vehicle, 
with the first stage 
able to make a 
powered landing 
back on Earth 
after delivering 
the spaceliner 

to orbit 


_ Passenger quarters 
Even at 12 metres (39 feet) 
in diameter, quarters would 
be very cosy, so the crew 
section may be expandable 
to increase the space. 


» Propellant tanks 


The MCT will be 
fuelled by methane 
and liquid oxygen, as 
both of these can be 
synthesised on Mars. 
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™ Booster stages 

The MCT may feature a ten-metre 
(32-foot) wide first stage with 
ine Wr-(e(eli (eo) ar-] e-1(6(= oleles-) «-)a- fe) are) 
single stage that is 12 to 15 metres 
(32 to 49 feet) in diameter. 


~») Falcon 9 and 
Falcon Heavy 
SpaceX’s current 
rockets are the basis 
for the MCT design. 
The company is 
currently working 
towards a powered 
landing every time 
they are launched. 
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Mars colonies are a staple of science fiction and 
widely considered the next step for human 
settlement. But sending anyone to Mars will be 
tough, and few have considered how the transition 
will be made from a Mars base to a Mars colony. 
Typically, Elon Musk, founder of SpaceX, PayPal 
and Tesla Motors, has given it some thought - and 
he estimates that a fully self-sustaining colony will 
need a million colonists. That's a city the size of 
greater Glasgow, Scotland. Initially starting with a 
group of less than ten people on Mars, Musk is then 
planning a spaceship to carry a hundred people at 
a time - that's 10,000 flights of the Mars Colonial 
Transporter (MCT). 

The MCT will be based on technology that SpaceX 
have used to develop their Falcon 9 rockets and 
Dragon space capsule - currently used to supply 
the ISS and hopefully to carry astronauts there 
too in the future. Musk started SpaceX in 2002 
with the intention of bringing the cost of getting 
to orbit down by a factor of ten. It has made great 
progress by rethinking the way rockets are built 
and operated, using a common engine design and 
propellants across all stages. However, the key step 
will be making its rockets rapidly reusable, in a 
similar manner to regular aircraft. An airline-type 
operation would make access to space cheaper, and 
enable those 10,000 flights to Mars with the MCT. 
In other words, SpaceX is building a jumbo jet for 
space travel. 

Firm plans are expected to be released towards 
the end of 2015 but various SpaceX staff members 
have already discussed aspects of the design. The 
MCT is expected to be between ten and 15 metres 
(33 and 49 feet) in diameter and consist of a super 
heavy lift first stage, carrying a second stage that 
would be a single, integrated spaceliner and Mars 
lander. After putting the second stage into orbit, the 
first stage would make a powered vertical landing 
ready for a quick reassembly and reuse. Once in 
space, the spaceliner would fire its engines for 
trans-Mars injection, a manoeuvre that would set it 
on a six to eight month trajectory towards the Red 
Planet. Upon reaching Mars, it would fire its engines 
again to be captured by Mars' gravity and, based on 
comments from Musk, the entire spaceliner would 
make a powered vertical landing on Mars. A number 
of robotic MCTs would land in advance of the first 
crews to establish a safe habitat and fuel supply 
before any humans set out for the planet. 

Both stages of the MCT will use a new engine 
being developed by SpaceX called the Raptor. 
Instead of burning kerosene with liquid oxygen 
(LOX) like Falcon 9, Saturn 5 and Soyuz, it will 
be powered by methane with LOX. This critical 
difference is because methane can be made on 
Mars, so the mission wouldn't need to carry any 
return fuel. The engine also has an innovative new 
way of pumping its propellants into the combustion 
chamber, which puts less stress on the engine. This 
produces better mixing of the fuel and oxidiser, 
which in turn produces very high thrust for the 
mass of propellant burned (called specific impulse). 

It is hoped that SpaceX will have a firm 
description of the MCT before the year is out. Musk 
estimates it could then be as little as ten years before 
his interplanetary jumbo jet makes its first flight. ®@ 
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MISSION PROFILE 
Gala Observatory 


Whoile many craits and probes alm to study planets and. 
moons, the HSA’s Gaia is creating a map of our galaxy 


Mission type: 
Astrometric 
observation 
Operator: 

Huropean Space 
Agency 

Launch date: 

ILS) Decsmal oer OLS 
Target: 

La Lagrangian point 
Arrival in orbit: 

8 January <O14 
Primary objective: 
Catalogue one billion 
stars in the Milky Way 


Status: 


Operational. Gaia is 
Currently in its second 
Vedime@lc ele mille 
observations 








INTERVIEW BIO 


(Timo Prusti 
After gaining a degree in 
Astronomy from the University 
of Helsinki and a PhD in 
Astronomy from the University 
of Groningen, Prusti began 
his career as a postdoctoral 
research fellow in Italy, before 
joining the European Space 
Agency. His projects have 
included the Infrared Space 
Observatory and the Herschel 
Space Observatory. 


Launched at the end of 2013, the European Space 
Agency (ESA) Gaia Observatory program is a mission 
like no other. Designed, built and funded without 
outside assistance, the craft will do more than study 
a Single planet, moon or comet - it’s been constructed 
to lay out a three-dimensional astronomical map of 
the stars in our galaxy that will enable scientists and 
astronomers to track unmanned spacecraft as they 
fly towards the edge of the Milky Way, and better 
understand the further reaches of our galaxy. 

The mission finds its roots in the ESA's Hipparcos 
program (1989 to 1993), which catalogued more than 
100,000 stars to high precision. When the Hipparcos 
Catalogue was complete, ESA intended to build on 
its success with a follow-up operation. Gaia, which 
takes its name from the now defunct acronym Global 
Astrometric Interferometer for Astrophysics, took 
another seven years to finally get the funding it 
needed, with a launch date of 2011 pencilled in. 

However, as with all missions based upon exact 
calculations and specifications, there were hiccups 
along the way. Complications added an additional 
two years onto the project's pre-launch schedule. 
“There was no specific single reason for the delay 
with respect to the original date,” says Timo Prusti, 

a project scientist who joined the Gaia team in 

2007. “When you aim for the ultimate scientific 
performance, you always encounter surprises that you 
simply have to solve. In the case of Gaia, polishing 
and later aligning the telescopes took more time 

than anticipated and the procurement of the charge- 
coupled devices (CCDs) was also taking its time.” 

The Gaia launch went ahead in 2013, lifting off from 
the European spaceport in Kourou, French Guiana. 
As it left the Earth's atmosphere, Gaia unfurled 
a ten-metre (32.8-foot) wide sunshade that both 
protects its instruments from overheating, and uses 
the heat energy to power its progress. After just over 
seven months of travel and a distance of 2.4 million 
kilometres (1.5 million miles) from Earth, Gaia arrived 
at a location known as the L2 Lagrangian point. 

The driving factor for this mission was the need 
for a clearer way to study the cosmos around us. By 
studying the movement of a thousand million stars, 
the ESA can construct a precise map of our galaxy, 
piece by piece. This wouldn't be possible from a 
terrestrial telescope as the orbit of the Earth around 
our Sun would cast a shadow that would obscure our 








view. By using data gathered by Gaia, scientists can 
study a star's distance and movement to within 0.001 
per cent accuracy. 

“The scientific performance of Gaia is based on 
requirements to study our Milky Way Galaxy and 
to reveal its structure and kinematics [movement of 
objects],” adds Prusti. “With this spacecraft and its 
payload it is indeed not only the Milky Way we can 
study but also many stars, solar system targets and 
extragalactic objects. It is truly a mission touching 
most fields of astronomy.” 

Of course, no mission is free of complications, 
especially at such a great distance from Earth. “Every 
mission has its operational surprises which you 
need to solve on the ground while the satellite is in 
space,” adds Prusti. “One example of this in Gaia is 
the contamination of the optical elements with water. 


Ml 


Gaia slowly rotates 
itself every six hours, 
so its telescopes can 
GOver Svery motel Cit 


the celestial sphere. 


We have an unknown source of water that keeps on 
impacting the transmission. We have found a solution 
to this by heating the mirrors which releases all 
accumulated ice and luckily the rate of contamination 
seems to be decreasing with time.” 

Despite the complex nature of its mission, Gaia has 
been designed to be as simple as possible. It has no 
moving parts on board and works by slowly rotating 
itself every six hours, so its two optical telescopes 
can cover every inch of the celestial sphere. For 
Prusti, that design ethos comes down to one simple 
concept: stability. “Everything has to be mechanically, 
electrically and thermally extremely stable,” he says. 
“We also need a massive data processing effort to 
convert the data from the satellite into meaningful 
scientific results. That in turn requires good 
collaboration between astronomers dealing with the 
algorithms and computer scientists making efficient 
code, simply to be able to process the enormous 
amount of measurements.” 
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GAIA AT WORK 


Space armour Direct line to Earth World's greatest 

This thermal tent is vital The Gaia observatory is designed detective — 

to Gaia's ongoing safety to collect huge amounts of All of Gaia's delicate 

- working alongside the information: over the coming years instruments are filtered 
sunshade it protects the Zee = the craft will transmit 1 million _ through one device - the 
craft's inner workings ae ie: gigabytes of databack to Earth. [i focal plane. It contains a total 
from heat, radiation and be Rout | of 106 CCDs which convert 


the extreme cold of space. Siuaaaaa te : . : | ies) data into high-quality images. 


Keeping on course 
Like many other space 
vehicles, the Gaia spacecraft 
uses a series of sensors called 
Star trackers. These ensure 
the observatory can correctly 
navigate through space. 














A little thrust 


While Gaia's sunshade powers 
its instruments, it uses a set of 
small cold gas thrusters, which 
can release up 1.5 micrograms of 
nitrogen per second. 


Stars in its eyes 


ae its Sere “Over the coming 
pixels siinme) Gaia uses ad Biron sunshade YedIs the craft C will 


astrometry and photometric assembly not only shields the 


instruments as well as a Radial delicate mechanisms inside Gaia - it transmit 1 million 


Velocity Spectrometer to also uses the Sun's warmth to keep it 


ee ore powered up Baer of data 
back to Earth" 



























































MISSION PROFILE 


Progress report 


In July 2015, the Gaia Observatory celebrated its 
first year in mission-based operation, and those 
initial 12 months have proved promising for 

ESA. “We are a year into routine operations and 
the state of Gaia is good,” comments Prusti. “We 
measure some 50 million stars on an average day 
and we get the data down. This all is working 

as scheduled. The fundamental nature of Gaia 
means that we need to accumulate a couple of 
years of data before being able to address the 
main goals of the mission. However, in the mean 
time we have verified that the spectrometer is 
providing top quality data and the photometric 
accuracies are excellent.” 

What's next for the ESA and the Gaia 
Observatory? With four more years left on its 
planned five-year mission, ESA is hoping Gaia 
will continue to build its unprecedented three- 
dimensional star map while discovering new and 
unexpected wonders on its journey through our 
corner of the Universe. 

Over the course of its main mission, Gaia will 
be monitoring each set of stars approximately 
70 times in order to form the comprehensive 
catalogue required to form its astronomical map. 
Should Gaia still be fit for purpose, ESA has 
considered extending the length of the mission in 
order to survey even more stars, but right now the 
agency’s focus is on the remainder of Gaia's main 
five-year mission. 





KSA is hoping Gaia 


Of course, all of these potential uses are based 
on the operational stability of the Gaia spacecraft. 
For Prusti, such variables can always change but 
thankfully, the observatory is currently sending 
strong vitals back to ESA headquarters. “As with 
any mission, continuation is on the condition that 
the hardware is functioning and the consumables 
are sufficient,” he adds. “At the moment it seems 
that both aspects are in order so, for sure, we will 
present new science cases that Gaia can address if 
funding for continuation is granted.” @ 


Milky Way panorama 

While continuing its mission to study 
stars, Gaia sends back a staggering image 
that depicts the Milky Way in a brand new 
light. The shot shows the outline of our 
galaxy, as well as the illuminated forms of 
the Magellanic Clouds. 































Supernova detected 
In September 2014, Gaia makes 
its first unexpected discovery - a 
stellar explosion in another distant 
galaxy. The event, codenamed 

| Gaial4aaa, was so large it burned 

| bright enough to be seen over 500 
million light years away. 





Frozen optics 
On 29 July 2014, the 
Gaia observatory emerges 
from hibernation, but 
isn't able to assume its 
operations straight away 
due to a layer of ice that 

is covering its optics. A 
quick bit of heating solves 
the problem. 
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GAIA’S JOURNEY FROM EARTH TO SPACE 


August 19935 


Hipparcos observatory 
decommissioned 

A previous ESA mission to build a 
functional catalogue of our galaxy 
records over 118,200 stars. ESA 
considers how to follow it up. 


October 1993 


Gaia proposed 

Astronomers Lennart Lindegren 
and Michael Perryman propose the 
idea for an exciting new project, 
codenamed Gaia, as a future ESA 
Cornerstone Mission. 


October OOO 


Joining Horizon Plus 

Seven years after its proposal, the 
Science Programme Committee 
makes Gaia a Cornerstone Mission of 
the ESA's long-term Horizon 2000 
Plus programme. 


PCO Ear vesOUO 


Entering B2 Phase 

After a further six years of designs 
and blueprint changes, the 
committee unanimously approves 
the final specifications for Gaia and 
pre-production begins. 
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GAIA’S JOURNEY 


RACING 


Arriving at 

nothingness 
In early 2014, Gaia arrives at its 
destination, the L2 Lagrangian 
point. This is an ideal location 
for observing the cosmos due 
to the way centrifugal forces 
between the Earth and the Sun 
are compensated there. 


Coming into focus 

In early 2014, the Gaia 
observatory is still bringing its lenses 
into focus. While testing its lenses, 
Gaia captures images of the Large 
Magellanic Cloud (a satellite galaxy full 
of bright, young stars). 





Stray light problem 
Shortly after launch, Gaia 
begins to suffer from ‘stray light’. 
Ice crystals cause light to diffract 

off the spacecraft’s sunshield 
and feed into the focal plane, 
seriously affecting the data and 
images Gaia can capture. 


December £014 


Gaia finally takes off 

After missing its initial 2011 launch 
date, Gaia finally takes off from 
Kourou ELS on a Soyuz ST-B/Fregat- 
MT rocket. It leaves our atmosphere 
without a hitch. 








August 2014 


A super discovery 

A few months after beginning its 
observational mission in earnest, 
Gaia detects an unexpected event 
- a supernova that's lighting up 
another distant galaxy. 








July sOlo 


First map released 

To mark the first year of its studies, 
the Gaia Observatory releases the 
first 3D map based on 12 months of 
data. A primary catalogue is due to be 
released in 2016. 








Main objectives 


Determining star luminosity 

To better understand a star's age and 
composition, it's necessary to determine 
its distance. This is obtained by calculating 
a Star's parallax (a form of interstellar scale 
that measures a Star's apparent change in 
position relative to the forms behind it). 


Cataloguing a billion stars 

To fully understand our galaxy's evolution, 
we must study as many elements within it 
as possible - including both the brightest 
and faintest stars. Gaia will aim to study 
one billion stars, yet this only represents 
one per cent of the Milky Way. 


Astrometic and kinematic 

Gaia will be analysing the astrometric 
and kinematic characteristics of each 
star. Astrometry refers to the precise 
movements and positions of celestial 
bodies; kinematics is the study of a star's 
motion and the origin of that movement. 
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How Russia pioneered the age of human spaceflight 





Written by Giles Sparrow 


The 1950s and early 1960s saw the Russian- 
dominated Soviet Union take a decisive lead in the 
new age of space exploration, leaving the United 
————< States trailing in its wake. How did Russian space 
- scientists achieve so much - and why did the 
—- 2 hammer-and-sickle flag never fly on the Moon? 
The dawn of the Space Age came as a shock 
to almost everyone. US plans to launch a satellite 
during the International Geophysical Year of 1957 to 
1958 had been well publicised, but the Soviet space 
programme was widely assumed to trail far behind. 
So when Russian news agency TASS announced on 
a 4 October 1957 that the beach ball-sized Sputnik 1 
——S had successfully reached orbit, it shook long- 
held preconceptions of American technological 
superiority. By the time the US launched its own 
satellite - Explorer 1 - in January 1958, the Soviets 
had also launched Sputnik 2, carrying a doomed 
passenger in the form of a mongrel dog, Laika. 


www.spaceanswers.com 


One reason for the early Soviet advantage lay in 
the power of their launch vehicles - and in their 
alternative use as ballistic missiles. Both Cold War 
rivals had poured resources into rocket programmes 
not out of a thirst to explore space, nor even for 
propaganda, but because rockets were a potentially 
unstoppable weapons-delivery system with which 
to threaten their enemies. The ultimate warhead for 
such a missile was a nuclear weapon, but while US 
scientists had developed lightweight, super-powerful 
hydrogen bombs by the early 1950s, the Soviets 
were still reliant on much heavier, less powerful 
fission bombs - so from the outset they needed a 
larger missile capable of carrying heavier payloads. 

Both US and Soviet programmes used captured 
engineers and technology from Nazi Germany's 
wartime V2 missile project, but the Americans 
squandered an early advantage, allowing the work of 
the core German ‘Rocket Team’ (now on the payroll 
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The Cosmonauts 


of the US Army and led by the controversial Wernher 
von Braun) to become bogged down in inter-service 
politics. The Soviets, in contrast, had a home-grown 
genius to lead their effort, in the form of Sergei 
Korolev, a brilliant and charismatic engineer who had 
helped pioneer Soviet rocketry in the 1930s. 

Korolev was obsessed with using rockets for 
spaceflight, and as head of the OKB-1 engineering 
and design bureau, played a skilful political game to 
convince Soviet premier Nikita Khrushchev that a 
satellite would be a propaganda coup. But after his 
first success, he found himself under huge pressure 
to deliver more space ‘spectaculars’. Sputnik 2 was 
an early response (although it’s now clear that the 
Soviets lied about just how long Laika survived 
in space), and further satellites and moon probes 
continued to push the limits of space technology - 
but the next landmark achievement was clearly to 
put a human in space. 

Korolev's team had begun designing a manned 
space capsule as early as 1955, but even with a 
suitable launch vehicle, the project was a formidable 
challenge. Launching a cosmonaut and bringing 
them safely back to Earth required development of 
a spacecraft capable of supporting a human being 
through the stresses of launch, protecting them for 
long periods in the vacuum of space, and shielding 
them from the fiery re-entry into Earth's atmosphere. 
The final design, known as Vostok, consisted of a 
spherical descent module housing the cosmonaut, 
and a conical instrument module based on the 
Sputnik satellites. 

Just as important as the spacecraft were the 
cosmonauts who would travel in it. An initial group 
of 20 candidates were selected from among military 
jet pilots, who volunteered for an unspecified test 
programme in 1959. Training was overseen by 
celebrated Soviet aviator General Nikolai Kamanin, 
and included a huge range of endurance tests for 
gravity and space sickness, varying oxygen levels, 
extremes of temperature and isolated, confined 
conditions. The candidates also attended lectures 
on spaceflight, although these mainly focussed on 
biomedical issues - despite the qualifications of the 
pilots, the Vostok missions were to be controlled 
entirely from the ground. 

By June 1960, a core group of six cosmonauts 
were moved to the specially built Star City complex 
outside Moscow for more intensive training, including 
spacecraft simulations. Unmanned test flights also 
began, including some in which dogs were safely 
returned to Earth. Despite some later rumours, the 
Soviets were cautious about risking their cosmonauts’ 
lives, and arguments continued until late March 1961 
about the decision to launch. Once the go-ahead 
was given, Korolev and Kamanin’'s choice of pilot for 
Vostok 1 came down to two names - Gherman Titov 
and Yuri Gagarin. 

Vostok 1 launched into space on 12 April 1961, 
orbiting Earth once in 108 minutes and writing Yuri 
Gagarin’s name into the history books. Once again, 
the US was left behind - delays in the development of 
boosters suitable for launching large spacecraft meant 
that their initial response, in early May, was to launch 
the Mercury Spacecraft Freedom 7 on a sub-orbital 
‘hop’, piloted by astronaut Alan Shepard. 

Korolev's team found themselves under increasing 
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1903 


Russian schoolteacher 
Konstantin Tsiolkovsky 
publishes a breakthrough 
paper explaining the 
importance of rocket engines 
for space exploration. In 
dozens of books and articles, 
he sets out a vision for the 
space age, including multi- 
stage rockets, spacecraft 
and spacesuits, though he is 
largely ignored until after the 
Russian Revolution of 1917. 


March 1926 
US engineer 
Robert H. 
lefere(ehl Ke! 
launches the 
first liquid- 
fuelled rocket. 





1950s 


Soviet scientists use dogs 
as test subjects during 
rocket development - most 
return to Earth safely, using 
bizarre devices such as this 
‘ejector seat’. Laika, the 


Space Race timeline 





October 1957 
Sputnik 1 is launched 
using a three-stage 
rocket based on the 
Soviet R-7 Semyorka 
ballistic missile. It enters 
a highly elliptical orbit 


passenger on Sputnik 2, is ranging from 215 to 939 isTey| 
the only one to be launched kilometres (134 to 583 Vladimir 
with no hope of return, as a miles) above Earth's Chelomei 
re-entry system cannot be surface, sending back a 1b) Ke) 8\es-{=1-¥- | 
developed in time to meet signal that is picked up by __ rival Moon 
Khrushchev's demands for radio operators around ele (=] mine) 
another quick spectacular. the world. (o) ge) (=\" aoe 

1945 July 1955 “January 1958 

Both US and The US The US launches 

Soviet forces elalatelel atest the Explorer 1 

capture a) Elacmne) satellite using 

German rocket  launcha Wernher von 

components satellite in Braun's Juno 

and scientists. 1957-8. rocket. 
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April 1961 1964 March 1965 (OYei Ko) 5y=) mi colo) 1971 onwards 
Yuri Gagarin prepares The Lunniy Korabl PAN (=)(=) mm =o) ato) Vacmer- lalate In an attempt to settle The Soviet space 
for launch in the lander is the focus spacewalk from the infighting, the programme begins to 
cramped confines of of Korolev's lunar Voskhod 2 proves to be Soviet government focus on long-duration 
his Vostok 1 spacecraft. mission - planned to the last of the Soviet fo) ce (=)a-M 8) x=) 9y-]0-] (0) 8 Jey-[e=)ilf-4nimes lace me) ge) ial ats 
The ultimate choice of launch in combination space spectaculars. It for a manned lunar space stations. Devices 
Russia's first cosmonaut with a Soyuz-based nearly costs Leonov his flyby mission by 1967, such as the Chibis suit 
may have been swung spacecraft using the life, after his spacesuit using Chelomei's April 1967 +*1970 are engineered to help 
by Gagarin's peasant huge N1 rocket. Unlike inflates in the vacuum, UR-500 launcher The failure The Soviet cosmonauts remain fit in 
background, similar to the two-man Apollo leaving him unable to ale Co)ne)(=\Vacwele)\ 074 of Soyuz government orbit - the suit is designed 
that of Khrushchev, and lander, the module re-enter the capsule. He | spacecraft, while 1 further begins to pull blood and bodily 
deemed particularly plans to carry just a survives by opening a work continues onthe — derails cancelling fluids away from the torso, 
fitting for a hero of the single cosmonaut to release valve that lets giant Nl launcher fora Sovietlunar §$mannedlunar where they accumulate in 
Soviet Union. the Moon's surface. air escape from the suit. | later Moon landing. plans. 1s) Ke) (ee nal(oleys4e-\ iW aee)acelid ie) ae 


May 1961 ©February 1962 March 1965 October 1968 ~July 1969 
President Blo)alamel(=Jalammeyat= The first NASA launches The Apollo 11 
Kennedy of the ‘Mercury manned mission pV Je) (oy ake) mission puts 
FTaarelelarascs Seven’, becomes of NASA's test the Apollo American 

the goal of the first US Gemini program Command/ astronauts on 
putting aman _ astronaut to orbit is launched to Service module the Moon. 





onthe Moon. _ the Earth. fo)'Val ==] ada e)a 5)im (CSM) in orbit. 
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Ready to fly? 


The selection criteria for the first cosmonauts were very different 
from those applied by today’s Russian space programme 


Military pilot Education 
Although early cosmonauts were Today's cosmonauts are more likely 
effectively passengers, jet pilots Today to be skilled mission specialists 
were considered well suited 1960s educated to degree level or higher. 
to cope with the stresses of a 
spaceflight. Valentina Tereshkova, Health and age 
an experienced parachutist, was | There are no longer direct age 
given an honorary Air Force rank restrictions, but candidates 
before her mission. (including paying passengers) 
must display good health and 
PAN =4-0 BY =) (0)\\(mo 10) physical fitness. 
Cosmonauts needed to combine 
their flight experience with relative Height and weight 
youth - no one could anticipate Today's Soyuz spacecraft can 
the physical effects of spaceflight. accommodate three cosmonauts 
with heights of up to 1.9m (6.2ft) 
Good health and weights of up to 95kg (209Ib). 
Prior to selection, candidates 
were screened for chronic health Sponsorship 
problems. Even minor illness could The Soyuz spacecraft often carries 
threaten a pilot with substitution. US and European astronauts 
as well as Russians, as part of 
Party membership partnership agreements with other 
Given the highly political nature Space agencies. A few wealthy 
of the Vostok missions, pilots had passengers have even paid for a 
to be upstanding members of the ticket into space. 
Soviet Communist Party. 
Training 
Weight and height Weye(-Tuameeysiuite)gr-Lelecmcie] | MUlale(-1F=<0 
The first cosmonauts could be no intensive training at Star City, 
more than 1.75m (5.7ft) tall due working on spacecraft simulators 
to the cramped spacecraft, with a and testing their endurance on 


fant. lanlelanin\(=1/:40 10) mse) 424 CL oo) | 0) parabolic ‘weightless’ flights. 


Early selection criteria | Modern selection criteria 


pressure to deliver further spectaculars. Titov finally cramped three-man crew into orbit, while Voskhod during routine colon surgery. 

flew aboard Vostok 2 for a whole day in August 1961, 2 carried two men in full spacesuits, allowing His death left the Soviet space programme 

and a year later Vostoks 3 and 4 flew in space at the cosmonaut Alexei Leonov to open the access hatch rudderless - after the problems of the early 1960s 
Same time. In June 1963 another dual flight (Vostoks and become the first man to walk in space. it is doubtful that even Korolev could have beaten 
5 and 6) saw Valentina Tereshkova become the first Another problem was the fragmented nature America to the Moon, but his successors certainly 
woman in space. of the Soviet space effort - rival designers worked could not. Soviet ambitions to send cosmonauts to 

By this time, however, the rules of the game were in separate engineering bureaus, often refusing to the Moon and beyond faded slowly, but perhaps 
changing - shortly after Shepard's flight in 1961, US cooperate with each other, and constantly jostling for the worst blow came in April 1967, when Vladimir 
President John F Kennedy had given his country a attention, political favour and funding. Throughout Komarov died during the emergency re-entry of 
long-term goal of reaching the Moon before the end the early 1960s, priorities were constantly changing, Soyuz 1 - a mission launched under intense political 
of the decade. Korolev had similar ambitions, and with overlapping or contradictory projects being pressure with poor planning and an untested 
an advanced spacecraft design called Soyuz that he approved, merged and cancelled. spacecraft. The Soviets had achieved so much, but 
hoped could do the job. It was not until 1964 that Korolev was finally their luck had finally run out. 

But political pressure on space scientists to keep given overall control of the Soviet lunar program. Nevertheless, the Soviet space programme rose 
delivering short-term ‘firsts’ was an unwanted Development of the enormous N1 Moon rocket again. The problems with Soyuz were resolved and 
distraction, even if it maintained the image of was formally approved in early 1965, but problems it has since become the most successful and reliable 
Soviet space superiority. The final Vostok missions still continued, with numerous technical delays manned launch system, allowing cosmonauts of the 
were followed by two risky Voskhod flights, using and obstruction from Korolev's rivals. By this time, 1970s and 1980s to carry out increasingly ambitious 
a heavily adapted version of the original one-man Korolev's health had been failing for several years, missions to a series of Salyut and Mir space stations. 
spacecraft to set new landmarks. Voskhod 1 took a and in January 1966, he died from complications Following the fall of the Soviet Union, the rival 

design bureaus were finally unified in 1992 under 
a single space agency, named Roscosmos. OKB-1, 


“Political pressure Of) SPdCe sclentists CO Korolev's former bureau, today continues as the 


private company RSC Energia, prime contractor for 


keep delivering short-term ‘firsts’ was fussan manned spcefight Aa sk sgaey 


dal) unwanted istraction’ in the spacecraft that crew and supply it today. @ 
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Focus on Tethys 


sKSdayss 


Saturn's bright moon is 
home to some of the most 
impressive surface features 
in the Solar System 


Arguably the standout feature on Tethys is the Odysseus 
impact basin, a 450-kilometre (280-mile) wide hole - 
nearly half the moon's diameter. It is thought to have 
been created by a massive impact over three billion years 
ago, which may also have formed the 2,000-kilometre 
(1,242-mile) long valley called Ithaca Chasma. 

Tethys’s albedo, or surface reflectivity, differs on either 
hemisphere, which shows up in this enhanced colour 
image taken by the Cassini spacecraft at a distance of 
about 53,000 kilometres (33,000 miles): the leading 
side on the right is bombarded by charged particles 
from Saturn's radiation belt, changing the chemical 
composition of the surface material. On the trailing side, 
the albedo drops by as much as 15 per cent. 


Saturn has 62 known moons, 
the largest of which is Titan 





, eee Saturn @ 
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image of Tethys in April 2015 
with a resolution of about 300 
metres (980 feet) per pixel 
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With a spacecraft toii™ropa now in development, this icy moon - that may 


etcleoleleimticomtamelamulnelel: mune Sea - is finally getting the attention it deserves 
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Written by Jonathan O'Callaghan 





Europa's alien oceans 


ee eee 


The race is on. Somewhere out there, in the Solar 
System or beyond, experts think we will find 
extraterrestrial life for the first time in the coming 
decades. Some say Mars will be our best bet. Others 
think a habitable exoplanet will provide the first 
clear sign. But over the last few years, an icy moon 
of Jupiter has quickly become one of the prime 
candidates: Europa. 

NASA is now developing a mission to go there, 
tentatively called the Europa Multiple Flyby Mission, 
to find out if the moon is habitable. Expected to 
launch as early as 2022 with an arrival at Jupiter 
after 2024, this spacecraft will give us our best views 
yet of the icy moon and could lead us ever closer to 
finding out if we are alone in this vast universe. 

Jupiter's four largest moons are known as the 
Galilean satellites. Europa is the smallest of these at 
about 3,120 kilometres (1,940 miles) in diameter. Its 
elliptical orbit around Jupiter is a distance of 671,100 
kilometres (417000 miles), which it completes 
in just over 3.5 Earth days. The moon's defining 
characteristic is that it is covered in a water-ice crust. 

The importance of this icy crust is related to 
Europa’s elliptical orbit. As it moves towards and 
away from Jupiter, its metallic core is heated by the 
push and pull of Jupiter's gravity. This means that 
any ice above the mantle (the rocky layer around 
the core) is heated and melted into water. In fact, 
the outer crust may only be 20 kilometres (12 miles) 
thick. The rest of the moon below, down to the 
mantle, is thought to be an ocean. 

On the surface, we can see clues of underground 
activity. Red lines criss-crossing the ground are a 
possible result of evaporating sea salt, and cold, 
slushy lava has been found, serving as indirect 
evidence for ice volcanoes. The Hubble Space 
Telescope has even detected plumes of water 


What is beneath the surface of Europa? 
We'll have to wait to find out for sure 





erupting from the surface. These clues have led 
scientists to believe there must be an ocean 
underground and, since water is a prerequisite for life, 
there could be microorganisms down there, too. 
Currently, there is no spacecraft in orbit around 
Jupiter to observe Europa. The mission that has 
provided most of the data so far is the Galileo 
spacecraft, which orbited Jupiter from 8 December 
1995 through to 21 September 2003. Since then, apart 
from a couple of brief flybys of the gas giant's system 


“Depending on the launch vehicle, the 
cruise could take 2.5 to 7.5 years to get 


iA 7 
to J upiter Joan Salute, Europa Mission Executive, NASA - 





Inside Europa 


On its surface, Europa is covered in a frozen layer 
of ice, with a thin oxygen atmosphere above. 
But the discovery of lines crossing the surface, 
and possible melt-through from below known as 
‘chaos’, has led scientists to believe there is a vast 
ocean under the surface, waiting to be explored. 
The floating ice shell on top of Europa is thought 
to be about 20 kilometres (12 miles) thick. Beneath 
this, an ocean may extend up to 100 kilometres 
(62 miles) down. If these predictions are correct, 
Europa has a greater volume of water than Earth. 
Europa’'s elliptical orbit around Jupiter causes it 
to stretch and shrink. This leads to tidal heating 
at its core, which is thought to melt subsurface 
ice. At the bottom of the ocean, there could even 
be hydrothermal vents - the same vents that may 
have given rise to life on Earth. 


Sub-surface ocean Upper Mantle 


Weta 


Crust WEtelels Oticom Gere 





Europa 


It is estimated that Europa's subsurface ocean may contain 
two to three times the volume of all the water on Earth 


Earth 
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The mission will get 
a better idea of the 
icy moon's interior 


made by the Ulysses spacecraft, travelling to the 
Sun in 1992, and the Cassini mission on its journey 
to Saturn in 2000, no spacecraft has paid too much 
attention to Jupiter or its moons. Next year, a solar- 
powered spacecraft known as Juno will arrive in the 
Jovian system, but its goal is only to observe the gas 
giant itself; Europa will be largely untouched. 

For years, the scientific community has clamoured 
for a mission to Europa to answer some of the 
key questions about this fascinating world, and to 
discover if it is habitable. Now, scientists are about 
to get their wish, and not just with NASA‘s Europa 
Multiple Flyby Mission: the European Space Agency 
will send its own spacecraft, the Jupiter Icy Moon 
Explorer JUICE) in 2022, although this will not just 
focus on Europa, but Ganymede and Callisto as well. 

For NASA, a dedicated Europa mission was touted 
as far back as the early 2000s. Immediately after 
the Galileo spacecraft revealed stunning images of 
Europa, scientists realised we would need to go back 
to fully understand what was going on. Several teams 
drew up proposals for observing Europa, either by 
orbiting it or performing repeated flybys. 

But proposals including the Jupiter Icy Moons 
Orbiter and the Jupiter Europa Orbiter fell by the 
wayside as NASA allocated funding elsewhere, most 
notably to its numerous Mars missions. It has taken a 
long time for NASA to finally relent to demands for a 
Europa mission, partially at the behest of Congress. 
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One proposal drawn up that showed considerable 
promise was the Europa Clipper. The mission offered 
key science without breaking the bank, and also dealt 
with a number of complications of visiting Jupiter 
by performing over 40 flybys of Europa, rather than 
orbiting the moon itself. This proposal has been 
selected by NASA and re-named Europa Multiple 
Flyby Mission, but it will be given a more personal 
name in the future - much like Pioneer, Voyager, 
Galileo and countless other spacecraft before it. 

Significant progress has been made on the 
mission in 2015. Earlier this year, Congress approved 
£92. million ($140 million) of funding for NASA to 
research and develop the spacecraft as part of a 
new Ocean Worlds Exploration Program. NASA then 
selected the nine science instruments that will fly 
on the spacecraft. In June, the spacecraft passed 
its first major review, entering the next phase of 
development - formulation. In August, the various 
scientists and engineers that will work on the 
mission met together for the first time. It's all systems 
go for Europa right now. 


Europa's alien oceans 
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ore water 
than Earth 


Cynthia Phillips, Europa 
Mission Scientist, NASA Jet 
Propulsion Laboratory 


Why do we want to go to Europa? 

Europa is only the size of Earth's Moon, but it 
contains more water than all of Earth's oceans 
combined. It is one of the best places in the Solar 
System to look for [existing] life - it could have all 
the ingredients for a currently active biosphere. 
Life as we know it requires liquid water, certain 
chemical elements, and a sufficient energy 
source. Europa could actually meet all three of 
these requirements. 


Why do we think there is an ocean on Europa? 
We have multiple lines of indirect evidence for a 
subsurface ocean on Europa, including surface 
geologic features, compositional measurements, 
gravity measurements and magnetic field results. 
The magnetic field measurements actually 
provide the most compelling evidence for a 
subsurface ocean of salty liquid water, which is 
the only geologically plausible configuration that 
could produce the observed induced magnetic 
field. We don't know yet how far below the icy 
surface the ocean is, however. 


Is there life on Europa? 

Scientists currently believe that life on Europa, if 
it exists, is likely energy-limited. This means that 
it's unlikely that there is large, macroscopic life on 
Europa such as fish. What is much more plausible 
is a biosphere made up of small microscopic 
organisms. So it is possible that Europa's ocean 
could be teeming with microscopic life. 


‘As Europa moves towards and away 
from Jupiter, its metallic core is heated 


by the push and pull of Jupiter's gravity’ 


I 
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Europa’s alien oceans 


“The mission will confirm the presence of a 
subsurface ocean on Europa, and will investigate 
Europa's habitability,” says Cynthia Phillips, planetary 
geologist for the Europa science team at NASA's 
Jet Propulsion Laboratory in Pasadena, California. 

"It will also study Europa's surface composition 

and subsurface structure, investigate the possible 
presence of plumes, and take high-resolution images 
of Europa's surface to help understand its geology 
and prepare for future exploration.” 

The cost estimate for the mission - with an earliest 
launch of 2022 - is currently £1.6 billion ($2.5 billion), 
according to Joan Salute, the Europa Mission Program 
Executive at NASA Headquarters in Washington, DC. 
It's highly likely that the spacecraft will launch on 
NASA's upcoming heavy-lift Space Launch System 
(SLS) rocket, to make the journey to Jupiter as quickly 
as possible. “Depending on what launch vehicle is 
selected, the cruise could take from 2.5 to 7.5 years to 
get to Jupiter,” explains Salute. “Once in orbit, science 
operations will last about three years." 

Perhaps one of the most exciting prospects for 
the mission is that it may not only perform flybys 
- the spacecraft may carry a lander on board that 
would touch down on the surface on arrival at 
Europa. This dual spacecraft and probe design is not 
unprecedented; the Galileo spacecraft carried and 
deployed a probe into the atmosphere of Jupiter in 
1995, and the Cassini spacecraft sent the Huygens 
lander onto the surface of Saturn's moon Titan in 
2005. More recently, the European Space Agency's 
Rosetta spacecraft watched as its Philae lander 
touched down on Comet 67P on 12 November 2014. 
“This option is being considered,” adds Salute. “The 
feasibility is still unknown at this time.” 

A Europa landing would involve many 
complications, not least the intense radiation of 
Jupiter, the potentially uneven and unstable surface, 
and the possibility of cracks opening up and 
swallowing the lander. Some have suggested that a 
probe could even be purposefully dropped into one 
of Europa's cracks to explore the oceans underneath, 
although this is unlikely to happen on this mission. 

However, while plans for a lander remain up in the 
air, we do know what the spacecraft will be doing. 
During its 45 flybys, its suite of nine instruments will 
be used to probe and dissect as much of Europa as 
possible. One of the key instruments on board will 
be an ice penetrating radar, which will determine 
exactly how thick Europa's icy crust is - and how far 
down the ocean is. Proponents of this instrument 
fought long and hard for it to be included, as while 
there is much science to be gained, it will be a 
massive power drain on the spacecraft, limiting its 
other capabilities. What's more, if the icy layer is 
thicker than expected, there's a chance the radar 
won't even be able to find the ocean. 

Another key issue working out how to power the 
spacecraft. Should it be entirely solar powered, or 
should it use a radioisotope thermoelectric generator? 
The latter uses the decay of plutonium-238 to 
provide electricity, and has commonly been used on 
deep space probes like the Voyager spacecraft. But 
plutonium-238 is in short supply, and is also costly, 
while the Juno spacecraft is using only solar power 
and proving that this method is viable. 

In 2014, NASA announced that the Europa mission 


56 








Beneath the icy crust 


What effect is Europa's vast underground 
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® Subsumption bands 
Similar to subduction zones 
on Earth, Europa may have 
regions where old ice is pushed 
down and new ice rises, known 
SNartese | as subsumption bands. 


Europa's surface is thought 
to be fairly young - about 
40 to 90 million years old 
- due to constant activity. 


Ocean @ 
More than 20km (12mi) below 
the surface, it is thought 
that the ice sheet ends anda 
liquid ocean begins. 


Red lines @ 
No one is quite sure what the 
red lines on Europa are, but 
recent evidence suggests they 
may be radiation-bombarded 
Sea Salt from the ocean below. 
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@ Flybys Scans @ 


The Europa spacecraft will fly as low The Europa spacecraft will have an 








as 25km (15.5mi) above the surface, ice penetrating radar on board to Are liverétherniail 
easily low enough to resolve many of measure the thickness of Europa's ice A a on thal 
the unexplained features. sheet and the depth of its oceans. 8 / 


ocean floor of Europa? 
If so, they could have 
given rise to life 








Life on Europa? 


The key ingredients for life as we know it are 
liquid water, an energy source and organic 
chemicals - and scientists think that Europa 
possesses all three. This doesn't make life a 
definite - after all, we still aren't sure exactly 
how life started on Earth, so it is hard to know if 
Europa went through the same processes. 

In Europa’'s favour, it not only has the three 
key ingredients for life, but its icy surface also 
protects the subsurface ocean from harmful 
radiation, like our atmosphere does on Earth. 
Europa's energy source, tidal heating caused 
by its elliptical orbit around Jupiter, could also 
create hydrothermal vents on the ocean floor - 
similar to those that may have given rise to life 
on Earth. 

Without sunlight, any life would be devoid 
of much energy, so it is likely it would be 
microscopic. That in itself would be a major 
discovery, though, and would prove, once and 
for all, that we are not alone in the universe. 














® Tectonics 
Parts of Europa’s surface 
may be pushed under 
less dense regions above, 
creating shifting tectonic- 

| like effects on the surface. 

® Cryolavas 
These features may be slush-like 


substances that erupt onto the Instruments for a mission to 
surface and freeze, sort of like Europa were discussed at a 
icy lava. The patches they create NASA press conference this year 
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Europa's alien oceans 


would use solar power. This means the spacecraft 
will have a large solar panel protruding from each 
side. At the top will be a high gain antenna, which 
will be used to communicate with Earth. Elsewhere 
will be booms for the magnetometer, which will 
measure the magnetic field around Europa, providing 
information on the composition of the icy crust and 
ocean. Most other instruments will be housed in the 
body of the spacecraft, except for the ice penetrating 
radar, which will also use protruding booms. 

“The radar instrument on the upcoming mission 
may be able to detect the surface ice thickness and 
also potentially look for shallow lakes that exist 
within the ice crust,” says Phillips. “Compositional 
studies will look at the surface chemistry, and the 
mission will also include instruments to measure 
the composition of particles thrown off of Europa's 
surface by impacts or perhaps by plumes. If plumes 
exist, the spacecraft may even be able to fly through 
them and sample them directly.” 

There are no instruments planned to actually 
make a direct detection of life on Europa, as this 
technology does not yet exist. However, the mission 
will be able to prove beyond reasonable doubt 
whether the moon is potentially habitable or not. The 
goal of actually finding direct evidence for life will 
fall to a later mission, if habitability is confirmed - a 
mission that would probably be far more readily 
funded than this one. 

Whether a follow-up mission might take the form 
of a dedicated Europa orbiter remains to be seen. The 
problem with sending a mission to this moon is that 
Europa orbits relatively close to Jupiter, well within 
its harsh belts of radiation. In fact, the radiation is 
so intense that spacecraft cannot survive for a long 
period of time in its vicinity. Indeed, the Pioneer 10 
spacecraft flew past the Jovian system in a matter of 
days in December 1973, but that was all it took for the 
radiation to damage its systems and cause images 
to be lost. Fortunately, the spacecraft recovered as it 
ventured further away. 

To prevent the same thing from happening, it is 
intended that the Europa Multiple Flyby Mission will 
be designed to ‘dip’ in and out of the radiation belts, 
performing large swings around the king of the Solar 
System that take it frequently into safer regions of 
space, before diving in to fly past Europa and gather 
data. According to Phillips, this will give it “plenty of 
time in between where the spacecraft is out at a safer 
distance, to help preserve its electronics while it plays 
back its data to Earth.” 

And it's that data that could prove so valuable in 
working out our place in the universe. “If we find 
life on Europa, it will indeed be a second genesis, a 
second origin of life in our very own Solar System,” 
Phillips explains. “Discoveries in the past ten years 
or so have shown us that the majority of stars in the 
sky have at least one, and often more, planets circling 
them. If life could start not just once, but twice, in our 
own little Solar System, just think about how many 
of those planets could have life on them as well.” 

With Europa’'s time in the spotlight as a potentially 
habitable world being long overdue, the race is well 
and truly on to find out what is really happening 
beneath the icy moon's crust - and it is hoped that 
it will be during the 2020s that we'll find out for 
certain. @ 


58 











Radiation belts @ 


Intense areas of magnetism 
around Jupiter channel incoming 
solar plasma and particles from 
its volcanic moon lo into belts, 
shaped like doughnuts. 


Jupiter's intense 
magnetic field 


® Magnetosphere 

Jupiter's magnetic influence, 
its magnetosphere, is the 
largest of the planets in the 
Solar System, extending 4.8mn 
km (3mn mi) in diameter. 
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® Cause 
Jupiter's magnetic field is 
| thought to be partly fed by 
- oy] ad (@l (==) (=101 K-16 8) VANL0) (er- a (ela 
on the moon lo, The solar wind 
is also thought to play a part in 
shaping the magnetosphere. 








| Spacecraft @ 

@Tadiation can wreak havoc 
on spacecraft. This Europa 
spacecraft will be in a large orbit, 
(of]e)e)iat-Mam-lare mele | mm cer) i(=\ Vr] k=) 
the effects, but it may also need 


f 4 to’shield its sensitive parts. 
er. 
Radiation on a 
Jupiter's moons _s.. 
Magnetic ‘axis @ p ry 
Like Earth, Jupiter's The radiation levels on Jupiter's four Galilean 100 mSv 
‘magnetic poles are tilted moons decrease with distance from the planet 
slightly from its rotational . (in decreasing order: Io, Furopa, Ganymede, 
axis by about ten degrees. Callisto). A lethal dose of radiation for a human 


over a few days is four sieverts. If you were 0.1 mSv 
standing on the surface of Io, you would be 

subjected to 36 sieverts. Europa is a little better, 0.01 mSv 

but still deadly, at 5.4 sieverts. On Ganymede 0.001 mSv 

it's considerably safer at 0.08 sieverts, while on 

Callisto the dose is a paltry O.1 millisieverts. Europa Ganymede Callisto Earth 


0.07 mSv 
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Ice moon mission 


The spacecraft will head to the 
outer Solar System well-equipped 


® Solar power @® MASPEX 
In 2014, it was decided that the 
spacecraft would be powered 
by solar panels, rather than a 
nate) R=M=y.4 81-1 gIhV =m -(e|(0) (10) Ke) B= 


thermoelectric generator. 















E-THEMIS @ 
The Europa Thermal Emission 
Imaging System (E-THEMIS) 
will use heat detection to find 
active sites on the surface, 
such as plumes of water 
erupting into space from vents. 


The Mass Spectrometer for 
Planetary Exploration/Europa 
(MASPEX) will measure Europa's 
thin atmosphere, helping 
determine the composition of the 
surface and subsurface ocean. 


® Europa Imaging System 
The Europa Imaging System 
will map most of the moon 
to a resolution of just 50m 
(164ft), providing images 
of the surface 100 times 
sharper than anything before. 


® Antenna 

The High Gain Antenna will 
be used to communicate with 
Earth, sending back images 
and data from Europa. 














Magnetometer @ 
The magnetometer will 
measure the magnetic field 
near Europa, revealing the 
thickness and salinity of 
the subsurface ocean. 


45 flybys 


How the spacecraft will skim 
Europa's surface 


To get a full global map of Europa, the spacecraft 
will need to perform a large number of flybys 
- about 45 in total across the entire mission. 
/ The highest of these will be at 2,700 kilometres 

se (1,678 miles), but the lowest will be just 25 
ip kilometres (15.5 miles) from the surface. For 
comparison, the International Space Station 
orbits 410 kilometres (255 miles) above Earth. 

Such close flybys will allow the spacecraft 
to get high-resolution images of features on the 
surface. As Europa has a thin exosphere, there 
is no significant atmosphere to contend with for 
close flybys. Around Earth or Mars, it would not 
be possible for a spacecraft to fly this low. 

Using instruments on board, the spacecraft 
will study Europa's interior and the thickness of 
its icy shell and ocean. 


@ Ice radar 
The radar instrument will 
use penetrate the surface 
to measure the extent of 
Europa's icy crust and ocean. 


Swimming in Europa's ocean 


Louise Prockter, Deputy Project Scientist on the Europa Mission, NASA 


How confident are we that Europa has an ocean? 
About 95 per cent of the scientists weighing in on 
this question are sure Europa has an ocean. About 
five per cent want more definitive evidence. 


If Earth's water was delivered by asteroids and 
comets, how do we think Europa’'s water got there? 
Also by asteroids and comets, but especially comets. 
Most impactors in the Jovian system now are comets. 


Is the water likely to be similar to water on Earth 
in its composition? 

We do think it is salty, but we don't think it has 
anything like the various life forms we have in our 
oceans, and unlike our oceans it is covered with ice 
of varying thickness. 


How might the ocean on Europa compare to 
other expected subsurface oceans on moons like 
Jupiter's Ganymede and Callisto? 

Unlike Ganymede and Callisto’s oceans, Europa’s 

is thought to be in direct contact with the silicate 
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mantle interior. Ganymede and Callisto are thought 
to have oceans, which are layers of liquid water in 
between layers of ice (we call these ‘perched’ oceans). 
Because Europa's ocean is in direct contact with 

the mantle, it allows interesting chemistry to occur, 
which could be similar to that found at hydrothermal 
vents on Earth. [Saturn's moon] Enceladus may also 
have an ocean in contact with silicate mantle rock. 


Would it be hypothetically possible for a human to 
swim in Europa's ocean and survive? 

Given the ice covering, no. I think the pressure would 
be considerable - many megapascals in the ocean, 
which would be too much for the human body to 
Survive in scuba gear. We are very puny creatures. 


‘About 95 per cent of the scientists 


weighing in on this question are sure 
Europa has an ocean 
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How do planetary orbits work? 


How do planetary.— 
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Which forces keep the planets of the Solar 
System in their paths around the Sun? 


If the Sun disappeared tomorrow, Earth would soon 
become a very cold and dark planet and would 
tumble out of its orbit. It would follow a straight 
rather than a curved path, drifting away in whichever 
direction it was facing. 

Thankfully, this won't happen any time soon. Even 
though the Earth only wants to go forward, the Sun's 
gravity stops it moving further away and holds it in 
orbit, doing the same for the Solar System's other 
planets, dwarf planets, comets and asteroids too. 

In doing so, the Sun exerts a centripetal force, 
pulling these falling bodies into an elliptical path 
around it. The stable orbits that result are a balancing 
act between the planet's forward motion and the 
gravitational pull exerted on it. At the optimum 
balance, although the body is constantly falling 
towards the Sun, it is moving sideways fast enough 
to ensure it does not collide with the Sun. 

The same principle applies to satellites that orbit 
planets. Our Moon, for example, is affected by the 
gravity of the Earth as well as the Sun. It must 
remain at the required speed to stay in orbit and it 
cannot reach a speed that would enable it to pull free. 

Any object in orbit around another, under the 
influence of gravity, acts in accordance with a set of 
laws described by the German mathematician and 
astronomer Johannes Kepler. These are referred to as 
Kepler's three laws of planetary motion and they date 
back as far as 1609. 

The first law states that the planets move around 
the Sun in orbits shaped like ellipses. The second rule 
is that they sweep out equal areas of space in equal 
times as they orbit. Even though a planet changes 
speed as it orbits the Sun - the closer it is to the Sun 
the faster is travels and vice versa - if you were to 
draw a line from the centre of the planet to the centre 
of the Sun and then another at a later set period of 
time, it doesn't matter where the planet is in its orbit, 
the area of the ‘slice’ of its orbit ellipsis that it has 
covered will be the same. 

Kepler's third law describes the relationship 
between the time it takes for a planet to orbit, and its 
distance from the Sun. His equation states that the 
square of the orbital period of a planet is proportional 
to the cube of its average distance from the Sun. So if 
you know how long it takes for a planet to go around 
the Sun, it is possible to work out how far away it is. 
Kepler's work has been hugely influential; it was his 
final law that led Isaac Newton to his work on gravity 
and the laws of motion. 
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Solar System @ 


Kepler's third law can be 

F] 9) 0) |(=\e a Keke) 0] mote) r-) m)'-1 0-101 8 
Mercury's orbit is just 88 Earth 
(oF Vimeo) an) 8y-]e=\em Koel] mololonel-\\7 
orbit, so we know that Mercury 
is closer to the Sun than Earth. 


® Perihelion 

A planet will move faster when 
it is closer to the Sun, creating 
a broader triangle. The point 
(0) al =y-] R=] =] ®) 9) ey: mmo] |(-16 
the perihelion. 








Equal areas rule @ 


Let's say we drew a line from the 
orbiting object (a planet) to the 
object being orbited (the Sun in 

this case) and then drew another 


31 days later. The area of the 


resulting triangle will always be 
the same, no matter where on 
the eclipse you start the sample. 
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How do planetary orbits work? 
TB 


Elliptical orbit @ 


Johannes Kepler worked as 











PANe) at=ii(e)n Be an assistant to astronomer 
When a planet is furthest Tycho Brahe and was asked 
from the Sun, it will move ivoke(-)ila(-man(-ee) a0) | Me) mE lece 


He noted that all objects in 
orbit around another object 
follow an elliptical path and 

this became his first law. 


slower, so the triangle 

is long and narrow. The 
furthest point in an object's 
orbit is called the aphelion. 





Kepler's laws of 
planetary motion 


® The focus points 
An ellipse has two points called foci. If a 
you draw two lines from the orbiting e 
object to the foci, the sum length of the . 
lines will remain constant, regardless of . 
where the object is on the ellipse. The 
object being orbited will sit at one of 


the foci on the long ‘major axis’. “ 
i] 
- 
= | Earth has 
around 3,000 
. orbiting satellites 
. : 
cs! * * Py “i . 
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orbits 


When satellites are put into space, they can do one 
of two things: stay above one particular area of Earth 
or circle the planet. The behaviour of the satellite is 
determined by its distance from Earth, and whether 
it is in a low, medium or high orbit. Objects in a low 





cH Length re) me) ae) iKS orbit move faster than those in a high orbit. Satellites 
aH aeManlinemre\ Ale ceelalarel’lalesvem-Me(=\er-(e(-) for television, communication and weather are 
after the first and second, going into more placed in a medium orbit where they can follow the 
depth on the movement of an orbiting same spot on the Earth. NASA's Aqua satellite, which 
object. If you know how long it takes for a gathers information about the Earth's water cycle, is 


planet to orbit the Sun, then you can work 
out how far away from our star it is. 


© NASA 


in a low orbit, circling the planet in 99 minutes. 
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Interview Kepler-452b 








Kepler 452b: 
INVANSYa\cu Blete’actt 
breakthrou 


All About Space caught up with Jon Jenkins, the 
astronomer who discovered our planet's ancient 


exoplanet cousin orbiting a Sun-like star 


Interviewed by Gemma Lavender 


Could you tell us a bit more about how you found 
the exoplanet Kepler-452b? 

Essentially, we used the Kepler Space Telescope, 
which was launched in 2009. Kepler collected data 
for four years, observing the same patch of sky of 
around 115 square degrees in size - that’s about the 
size of the palm of your hand held at arm's length. 
We observed 150,000 planetary target stars over the 
course of our four-year mission. 

Unfortunately, even though we were supposed to 
keep going, we lost [Kepler's] second reaction wheel 
in May 2013, which ended the data collection phase 
for the spacecraft’s primary mission. We have been 
working steadily ever since then to improve the 
sensitivity of our software science pipeline. This 
processes the raw image data coming from the 
spacecraft to measure the brightness of each and 
every star that’s on our target list, to search for very 
small signatures of planets. The way that Kepler 
works is that we observe a large number of stars, 
looking for when a planet crosses the face of the star 
from our point of view - that blocks a little bit of 
light from the star as the planet crosses it. You never 
know when a star will wink at you, so you have to 
look as continuously as possible. 

Kepler usually stared at the field of view for one 
snnloyniaam-dale mun (con melo) /anitnlccclemasloMel-le-Ma\blonlonlre mer: hyA 
we would be collecting another 30 days of data and 
that continued over four years. We've been very 
successful, having discovered over a 
id oCovutsr-baCem o)Eclelclicwe Dale WabanelJar sel0\e 
planet candidates that have not 
been fully vetted and confirmed as 
planets yet. We feel that over 80 to ~ 
90 per cent of the planet candidates 
we hav@ discovered are indeed planets. 
Kepler-452b did not show up in earlier searches 
through the data. It’s like searching for a golden 
needle in a haystack - there's a lot of data, and 
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the supercomputer aims to process all of this data 
in a reasonable amount of time. In May of last 

year, we were running a test of a new updated 
pipeline, which we hoped would be more sensitive 
and, indeed, we searched for small planets in 

the habitable zone of Sun-like stars that we were 
observing. Kepler-452b was brought to our attention 
as a potentially strong candidate. This exoplanet 
exhibits four transits; four times over the course of 
four years it crosses the face of its star. 


"ue laetCemtolemats(emeltimloletim(¢-js)(-Jar oP Baeltt 
the data? 

When we reviewed all of the diagnostics and 
reviewed the model fit, it looked quite good. But 

it was curious, in that the planet was originally 
thought by the pipeline to be ten per cent bigger 
than Earth. That was a little strange because its star 
was essentially the same temperature as the Sun, 
but only about 80 per cent of its size. That doesn't 
quite make sense - you expect a star with the same 
temperature as the Sun to be about the same size. 
We thought that we had something potentially 
exciting, a near-Earth sized planet about 150 million 
kilometres (93 million miles) from its star, the same 
distance that Earth is from the Sun. 

That's really exciting, but the first thing that 

we needed to do was follow up and get better 
parameters for the star, Kepler-452, to learn 

more about it. SO we conducted spectroscopic 
observations of Kepler-452, where you break up 

its light into a spectrum, then analyse this light to 


~ learn about its temperature, which can change. More 


importantly, you can get estimates of the surface 
gravity, which is related to the size of the star. That's 
very important because getting the sizes of all the 
stars we're observing is one of the hardest things to 
get a handle on for a field of view as large as ours. 
Those follow-up observations indicated that the star 





Jon Jenkins 

Jon Jenkins is a team 
member of the Kepler Space 
Telescope, NASA’s first 
Innlissj(@)aker-) 8)-]8)(=xe)miialeliarcs 
Earth-sized planets orbiting 
Sun-like stars. He holds a 
PhD in Planetary Science 
and is currently based at the 
SETI Institute as a Principal 
Investigator, where he is 
interested in the possibility 
of detecting planets orbiting 
double stars. 
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"You never know 

fi when a star will 
wink at you, so 

you have to look 
as continuously 
as possible” 
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An artist's impression of Kepler- 
452b orbiting its Sun-like star 
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Interview Kepler-452b 


The exoplanet Kepler-452b 
was discovered when it 
passed in front of its star 


was somewhat larger than the Sun and indeed, when 
we got our final spectral measurements back, the size 
of the star ended up being about ten per cent larger. 
Rather than being 1.1 times the Earth's radius, this 
planet is closer to 1.5 or 1.6 times our planet's size. 


What do we know about this super-Earth in terms 
of what its surface is like? 

We know very little about what the planet is like. 

We know that the star is essentially the same 
temperature as the Sun, about 5,500 degrees Celsius 
(9,900 degrees Fahrenheit) and is just a little bit 
bigger than the Sun. Its estimated age is six billion 
years old, so it's about two billion years older than 
our own star. We know that this planet is about five 
per cent farther from its star than our planet is from 
the Sun. That's what makes it very interesting: it’s the 


Kepler-452b is a target in the Search 
for Extraterrestrial Intelligence (SETI) __ 
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closest analogue we have to the Sun-Earth system 
outside our own Solar System. 

In terms of the surface of the planet, we don't 
have a mass Measurement, so all we have to go on 
to understand whether this planet is likely to be 
rocky or not is to look at the populations of other 
exoplanets we have found. It's kind of like looking at 
a classroom of children and measuring their heights 
and their weights, then the next day Sally comes to 
school but the balance is broken, so we can't Measure 
her weight. However, we can still measure her height 
and then predict her weight based on the weights 
of the other students we measured. The same thing 
is true here - we measure the size of this planet and 
compare it against the sizes of other exoplanets for 
which we do have better measurements. Our best 
guess at this planet is about five times the mass of 
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the Earth and there's a 50 to 60 per cent chance that 
it's rocky. Kepler-452b is kind of on the dividing line 
between rocky and gassy. With an Earth radius of 1.6, 
the surface gravity would be about twice that we are 
experiencing right now. 


Is measuring whether a planet is rocky or gassy 
always this complex? 

Yes, the situation with exoplanets in terms of their 
composition is very complex. We have a planet called 
Kepler-10c, which is significantly bigger than Earth 
(2.35 times the Earth's radius) and significantly bigger 
than Kepler-452b - but it’s got a measured mass and 
it’s rocky. On the other hand, we have some very 
small planets in the Kepler-138 system and two of the 
planets are about 1.2 times the radius of our planet, 
so a little bit smaller than 452b. One of these planets 
is rocky and the other is not. 


From your best guesses, would we be able to live 
on Kepler-452b? 

Well if it had an atmosphere similar to our own, 

I guess that we would. In some sense that is the 
million dollar question! 


Is there a chance that Kepler-452b's atmosphere is 
exactly like that of Earth? 

To be honest, we don't know what the atmosphere 
is like on Kepler-452b. It could be that it has an 
atmosphere similar to that of the Earth, but it could 
also be the case that it retains more hydrogen than 
helium and that would mean that it would have a 
much thicker atmosphere. This means it may be 
much hotter at the surface, so in this case, it may 
not be habitable. For example, in our own Solar 
System, the closest thing we have to the Earth is 
Venus. Indeed, this planet has an atmosphere that 
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in some ways is similar to our own - it has a lot 

of carbon dioxide and very little nitrogen, but it is 
very thick. That's because all of the carbon is in the 
atmosphere rather than in rocks, so its atmosphere 

is 90 times thicker in terms of the pressure at the 
surface than Earth's atmosphere. Venus is hot enough 
to melt lead, so on Earth we're very fortunate that 
biological processes keep carbon in rocks in the form 
of calcium carbonate. That is why Earth has a much 
thinner atmosphere than Venus. 


What's the most important thing the discovery of 
Kepler-452b has taught us? 

The important thing is that there are many other 
planets orbiting stars similar to the Sun and many 
of those planets are closer to us than Kepler-452b, so 
we have a chance of finding other planets, similar 
to 452b, orbiting stars much closer to us. This would 
mean we could get direct measurements of the 
mass of these planets and eventually, be able to 
characterise the atmospheres of these planets and 
look for signatures of life. 


What do we need to look out for when it comes to 
searching for life on other planets? 

You would look for signatures of water vapour, 
carbon dioxide and ozone as a tracer for oxygen. 


Kepler-452b: NASAs biggest breakthrough 


If you find these in sufficient quantities and the 
planet is at a distance from its star that would allow 
for water to exist on its surface, it’s a pretty good 
indication that there is life there. So, the excitement 
about this particular discovery is not simply in 

the discovery itself, but what it means for future 
exploration of other planets. We can characterise 
their atmosphere with instruments like the James 
Webb Space Telescope [slated for launch 2018]. That's 
a little way off, but the success of the Kepler mission 
and the exoplanet field itself is propelling us to new 
fields of enquiry to address new questions. So in 
some sense, Kepler-452b allows us to answer the 
question - are there other worlds out there around 
stars like the Sun? It’s a question that we've been 
asking ourselves for thousands of years, going back 
to the Greeks at least, so it’s very exciting to see all of 
this come to pass in the space of two decades. It's just 
a score of years since the first discovery of a planet, 
named 51 Pegasi b, orbiting a main sequence star 
similar to our Sun. So in just 20 years, we've come 
from finding planets larger than Jupiter to finding 
planets that are much more similar in size - and 
probably nature - to Earth. If Kepler-452b has liquid 
water on its surface and if the necessary ingredients 
and conditions are there, then life could arise on this 
planet or may have already done so. @ 


"Kepler-452b allows us to answer the 
uestion - are there other worlds out 
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there around stars like the Sun?” 





Kepler-452b is just one of many exoplanets uncovered 
by NASA's Kepler Space Telescope 





Set to launch into space in 2018, the JWST will find out 
if the newly-discovered super-Earth is habitable or not 





Wecan only take a guess at what 
Kepler-452b's surface looks like 
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Seem Do all galaxies spin in 
=m the same direction? 


and loves the topic : j ; 
of space asit Aoi Joe Lettington . In most spiral galaxies, the spiral have suggested that it could be the 


different disciplines. Most of the galaxies in the universe aitms‘appear to be winding away from result of cannibalising another galaxy. 





do spin the same way, but there are the centre. NGC 4622, on the other The idea of a galactic structure that 

exceptions. Spiral galaxy NGC 4622, hand, leads with the tips of its arms, rotates backwards was originally met 

which rests some 111 million light years causing it to appear as if the galaxy is with scepticism. However, observations 
Education Team away in the constellation Centaurus, is | winding up. This could be down toa of the galaxy have proved that the 


Presenter an example. collision with another galaxy, or others __ spiral behaves this way. GL 
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ete verte If astronauts took a ride ona 
B.. comet, would they be able to feel 

: Gemma Lavender ee ana j Pd 

Se ctr | | how fast they were moving? 
MGemmahasbeen * ms _. Shaun White comet after deployment of its 
er eee os i | °4 Just as we don't feel the lander, Philae and we are just 
Society andis akeen _- a i movement of the Earth around starting to truly understand 
stargazer and telescope Sieh ca | the Sun, astronauts on a comet what comets are like. This 
enthusiast on All About he | - wouldn't be able to feela comet comes at a good time for space 
Space magazine. Lu-de speeding through space. exploration as NASA is looking 
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If astronauts landed on Rosetta’s these icy space snowballs area _—on the surface of an asteroid 
comet with the Philae lander (inset), topic of recent discussion. The or possibly a comet. The data 
Ley Saga f IeaMEO penta successful Rosetta mission is coming back from Rosetta will 
which it's racing through space ‘. 
giving us an unprecedented allow us to prepare for the next 
— —= view of the surface of a mission to a comet’s surface. JB 
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s Care should always be taken when 
x cleaning a telescope 


@ 

* Howshould! 

"es look after my 
telescope? 


Leon Sweet 

*. The most important and delicate part 
of your telescope is its optics. These 
can become dusty, which can affect 
the quality of what you see through 
them. It's important to clean them 
but when you do, you should be extra 
careful - do not scrub the lenses or 
mirrors with a towel or flannel - use 
cotton wool buds to dab them with 
water or specialised cleaning fluid. 

If you own a refracting telescope, 

you will need to collimate it on a 
regular basis in order to fine-tune 
the sweet spot of the focal point on 

| the lenses. If you fail to do this, the 

quality of what you are able to see 

Sul osiageae ee = will degrade. If you have a motorised 

SI SUES | ount, you'll need to keep the gears 

spin the same way sufficiently oiled. GL 
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. The Kuiper Belt is a 


If I travelled large collection oficy | 
and rocky bodies 

through the * ; | 
Kuiper Belt, would | 
[hit anything? 
Tim Horner 
The chances of hitting anything are 
very low. The Kuiper Belt is a huge 
collection of icy and rocky bodies that 
are remnants of our Solar System's 
formation. It spans 30 to 50 times 
Earth's distance from the Sun, which is 
around 4 to 7.2 billion kilometres (2.5 
to 4.5 billion miles). 

While most of these objects are 
considered to be small chunks of 
ice and rock there are some that are 
much bigger. However, the distances 
between Kuiper Belt objects are 
enormous - so large that NASA has 
calculated that a collision between 
these objects would happen about 
once every ten million years. SA 
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As the universe 
is expanding, it 
is also cooling 
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How do we know the 
universe 1s a ‘Cosmic 
Latte’ colour? 


Shaun Allen 
The ‘Cosmic Latte’ colour, which 
is pictured as a beige-white colour, 
comes from the average of all the light 
in the universe. Back in 2001, a survey 
was conducted of over 200,000 
galaxies, in order to analyse the 
formation of their member stars. By 
studying the light emitted by the stars 
we can work out when they formed 
and the materials they contain. 

It is suspected that the ‘Cosmic 
Latte’ shade will change over time 
as more blue stars become yellow 
and, eventually, red. The name came 
from suggestions sent in after the 
results of the study were published 
in a newspaper. Peter Drum, the man 
who submitted the ‘Cosmic Latte’ 
suggestion, said he had been sat in a 
coffee shop when he read the piece 
and that was what provided the 
inspiration for the name. JB 


The ‘Cosmic Latte’ colour comes from 
the average of all the light emitted by 
galaxies in the universe 


created the universe, the cosmos 
has been expanding. The cosmos 

is thought to have started out as a 
single infinitely hot and dense point 
called a singularity and, as all of the 


decreasing to this day. 
It's possible to find out the 
temperature of the universe by 


measuring the cosmic microwave 


background (CMB), which is the 


ds 
‘ 
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Is space getting colder? 
Stephen Pink first stars and galaxies began getting thermal radiation left over from the 
Yes itis. Ever since the Big Bang, the further apart, the universe also started _—_ Big Bang. By investigating the CMB, 
a: event that’s widely accepted to have cooling down. Its temperature is still we've been able to determine that its 





temperature has been dropping off 
gradually as our universe pans out. We 
understand the current temperature of 
the cosmos to be -270 degrees Celsius 
(-455 degrees Fahrenheit). GL 





. 4 SPACE EXPLORATION 


Will there 
be other 
missions 
to Pluto? 


Michael Billings 
Currently, no new missions to Pluto 
have been announced, but even after 
the success of the New Horizons 
mission there is much more for us to 
learn about the dwarf planet. 

In the future there will undoubtedly 
be more missions that will continue 
to study Pluto. However, how long it 
will be until this reality comes to pass 
is difficult to judge. Space travel is an 
extravagant task and limited funding 
can restrict missions. Space agencies 
and private companies have to decide 
carefully where they most want to 
spend their budgets. Hopefully, as 
space technology improves and space 
travel becomes more commonplace we 
will be able to map our Solar System 
in intricate detail. ZB 


After the success of New Horizons, which obtained 
high-resolution images of Pluto (inset), there will 
probably be more missions to the dwarf planet 
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What ts it like on Neptune's moon Triton? 


Benjamin Decks 

The moon Triton is a freezing, icy 
world with a surface made of mostly 
frozen nitrogen and water. Beneath 
the surface there is thought to be an 
icy mantle surrounding a rocky, metal 
core. Movement of this mantle means 


Triton is likely to be geologically 
active. Pieces of the crust are shifted 
and replaced, similar to plate tectonics 
here on Earth. As a result, the surface 
is constantly being renewed and 
appears relatively young. Some areas 
of the moon are thought to have jets 


of erupting nitrogen from the surface 
called geysers. 

Triton is the seventh largest moon 
in the Solar System. The chilly world 
is a little strange as it orbits around 
its planet, Neptune, in the opposite 
direction to the planet's rotation. ZB 
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What type ei a) (ary) BI 
is best for travelling? 


Ryan Hanks 

Travelling with a good telescope 
is tricky, as generally bigger is 
better. However, careful small 
purchases can give you the 
chance to observe on the road. 
Often when people get into 
astronomy, they quickly learn that 
size can mean everything when 
it comes to what you can see in 
the night sky - but even small 
scopes can perform remarkably 
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well, making it easy to travel with 
good equipment. Small telescopes 
with apertures of 3 to 5 inches 
should still give you good views 
of Saturn's rings, Venus’ phases, 
Jupiter's clouds and moons, and 
even the Andromeda Galaxy. 
Another option is a good pair 

of binoculars. While not as 
specialised as telescopes, they can 
still offer great views of the night 
sky and are-very portable. JB 


equipment will be easier to 
bring along on your travels 


Smaller and lighter © 









Pace 


Quick-fire 
questions 


@spaceanswers 


Who names new 
planets? 
New planets are usually named 
after the star they orbit or the 
instrument used to discover 
them, but the naming follows 
a set of rules governed by the 
International Astronomical Union. 


What direction does the 
Earth revolve in? 
The Earth rotates on its axis to the 
east in an anticlockwise direction, 
once every 24 hours. 


Does the Curiosity team 

operate on Mars time? 
Yes, since days on Mars are 40 
minutes longer than those on 
Earth, the Curiosity team has to 
shift its clock back by 40 minutes 
every day. 


What's at the edge of the 
Milky Way galaxy? 
The Milky Way is surrounded by a 
halo of old stars along with a layer 
of dark matter. Anything past that 
is known as intergalactic space. 


Which planet has the 
largest moon? 
The largest planet in the Solar 
System, Jupiter, also plays host 
to the largest moon, which is 
Ganymede. Pluto and Mercury are 
both smaller than Ganymede. 


How much does it cost to 
build a Space Shuttle? 
NASA invested between $1 and $2 
billion (between £640 million and 
£1.27 billion) in each member of 

its Space Shuttle fleet. 


What's the average 
temperature on the 
Moon? 
Temperatures on the Moon can 
range from lows of around -223°C 
(-387°F) on its space-facing side to 
highs of 123°C (253°F) on its Sun- 
facing side. 


What is the oldest star 
we know of? 


The oldest star currently recorded 
is estimated to be at least 13.7 
billion years old and is called HD 
140283, or the Methuselah star. 






Quick-fire 
uestions 
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“© Why are some stars 
different colours? 
Stars gain their colours from 
factors such as their temperature. 
It takes more energy to make blue 
light and less energy to make red, 
which is why hot stars appear 
blue and cooler stars appear red. 


© What's the difference 
between the Northern 
and Southern Lights? 
There is really no difference 
between these spectacular light 
shows other than the geographical 
location and their names. They 
are known as the aurora borealis 
and aurora australis respectively. 


© Do asteroids have an 
atmosphere? 

No, asteroids do not have any 

atmospheres at all. 


“© How often do the planets 
align in the sky? 

The naked eye planets - Mercury, 

Venus, Mars, Jupiter and Saturn - 

cluster within 25 degrees or less 

of each other once every 57 years, 

on average. 


~ What substances is 
rocket fuel made of? 

Liquid rocket fuel is made up of 
liquid oxygen and either kerosene 
or liquid hydrogen. Solid rocket 
fuel, which is regarded as being 
cheaper and easier to handle, is 
made up of powdered aluminium. 


© When will Halley's 
Comet return to the 
inner Solar System? 

The last time Halley's Comet was 

in our Solar System was in 1986. 

With an orbital period of 75 to 76 

years, the comet is expected to 

return in 2061. 


“© Where does space start? 
From Earth, space begins at what 
is known as the Karman line, 
which is 100 kilometres (62 miles) 
above sea level. 
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How long did it take 


for our Sun to form? 


Jamie Roberts 

A star like our Sun takes tens of millions 
of years to be made. Formation occurs 
in several stages, beginning with the 
collapse of a giant cloud of molecular 
hydrogen under gravity. This collapsing 
cloud breaks up into smaller fragments, 
each being home to an embryonic star. 
Over time, gas builds in the shape of 

a spinning disc around the baby star, 
causing it to grow. The makings of the 
star can produce heat thanks to the 


When is the best time 


energy made from the gravitational 
collapse. Eventually, a great deal of gas 
piles onto the star, causing both an 
increase in temperature and pressure 

at its centre. This begins a reaction 
known as fusion, where lighter atoms of 
hydrogen are able to fuse to make heavier 
helium. In the process, even more energy 
is made in the form of heat and light 

and the fully-fledged star is able to blow 
away any remaining gas and dust that 
surrounds it. GL 


Planets are best viewed 
during the darkest part 
of the night 


to observe a planet? 


Karen Maguire 

The best time to view a planet is 
while it is high in the sky during 

the darkest part of the night - this is 
because planets change their relative 
position in the sky from day to day. If 
you watch the night sky for a series 
of nights, you will find that this is 
much more noticeable with the inner 
planets. As with all stargazing, you'll 
see planets best on a dark night, with 


a cloudless sky and no Moon, or with a 
very thin crescent at the most. 

Mars and the gas planets are best 
viewed while they are at opposition, 
which is when the Earth lies directly 
between the planet and the Sun; the 
planet is illuminated better than at any 
other time. The opposition of the gas 
planets occurs about once every year 
while the opposition of Mars happens 
about once every two years. ZB 









The Sun took 
tens of millions of 
years to form 









Despite being a planetary nebula, 
formation of the Cat’s Eye Nebula 
has nothing to do with planets 


How was 
the Cat's Eye 
Nebula made? 


Anne Simonet 

The Cat's Eye Nebula is a stunning 
example of the dying gasp of a red 
giant star. Despite being called 

a planetary nebula, its formation 
actually has nothing to do with 
planets at all. 

At the end of its lifetime the 
massive star ran out of fuel to 
fuse from hydrogen to helium and 
began to collapse in on itself. The 
core heated up rapidly and the 
outer layers of gas were ejected into 
space by strong solar winds, leaving 
behind its core - a small and hot 
white dwarf star. This dense star 
illuminates the gas layers. 

These colourful cosmic clouds 
are relatively short-lived compared 
to their parent stars, lasting for just 
tens of thousands of years before 
fading away. SA 
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What woul 
lived in a star 


Jennifer Honey 

If our planet were in a star cluster, our 
night sky would be teeming with many 
stars. Clusters, such as the ball-shaped 
globular cluster, often contain millions 
of stars. In the Earth's night sky, these 
stars would still appear as points of 
light - due to their distance, they would 
not have sizes that are easily resolved 


As you move further 
from our planet, 

its magnetic field 
becomes weaker 
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by the human eye. However, these stars 
would be more than a thousand times 
brighter than our planet's brightest 
night-time star, Sirius. 

If all of the stars in the cluster were 
just like our Sun, then they would 
combine to make a night sky around 20 
times brighter than our planet's night 
sky during full Moon. GL 


Can an astronaut use a 
compass In space? 


Katie Sims 
It depends where the astronaut is in 
space. On Earth, a compass works using 
the magnetic field, where it points 
towards magnetic north. Compasses 
always align themselves with the 
strongest magnetic field closest to them 
- this is why when you put a magnet 
close to a compass, it will point towards 
a different direction. 

In space, as you move further from 
our planet, its magnetic field will 
become weaker. However, despite the 
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weakness, a compass will still be able 
to align with the magnetic field. A 
compass on the International Space 
Station (ISS) would still be able to point 
reliably to the Earth's North Pole. 

If an astronaut went further out into 
space, they would reach a point where 
the Sun's magnetic field was stronger 
than that of the Earth, and it would be 
influenced by the Sun's magnetic north. 
Going even further out into space, say 
between galaxies, the compass probably 
wouldn't work at all. GL 
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Dark sky 
astronomy 


All About Space heads to the blackest of skies for the best astronomical sights 


As you lie back and look up at the sky, 
the Milky Way sprawls like a dusty 
rainbow from one side of the heavens 
to the other. You can see its bright 
bulge in the middle and dark patches 
running the length of its starlit arch. 
Elsewhere, 3,000 stars dazzle as 

the diffuse glow of zodiacal light 
illuminates the horizon. You can pick 
out the distant Andromeda Galaxy, 
globular clusters and fuzzy nebulae 
with your eyes alone. Sound familiar? 


Perhaps not. Unfortunately, this 
sort of view is an increasing rarity 
for many of us. Modern technology 
and the advent of electric lighting 
has seen more and more of our night 
sky taken over by an obscuring 
orange glow. As well as wasting an 
estimated £1 billion ($1.6 billion) a 
year on unnecessary lighting, it also 
means that less than ten per cent of 
the UK population is able to view a 
decent night sky. Even in a small city, 


95 per cent of the stars cannot be 
seen and deep sky objects are even 
more of a struggle as they become 
bathed in a haze. The light from stars 
has travelled for thousands of years 
to get here, only to be sabotaged at 
the last minute by our blanket of 
artificial lights. It means that the 
famous Pleiades star cluster is the 
only member of the extensive Messier 
catalogue that can be seen unaided 
from most inner-city areas. 
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kit reviews 


gear and telescopes reviewed 


Fortunately, there's an antidote to 
this growing astronomical affliction. 
Just as areas of outstanding natural 
beauty have been safeguarded, so 
too have regions that offer the best 


- conditions for seeing the night sky . 
at its majestic best. The International ~ 


Dark Sky Places conservation project 
currently recognises 42 dark sky sites 


»~ actoss the globe, with three in the 


UK. It is part of a marked increase in 
efforts to protect our astronomical 
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How dark is your sky? 


Excellent dark sky site 
Bortle scale reading: 1 

Dark sky reading: 22 and above 
Faintest magnitude visible: +8 


Suburban/urban transition 
Bortle scale reading: 9 Bortle scale reading: 7 

Dark sky reading: <18 Dark sky reading: 18.5-19 
Faintest magnitude visible: +4 Faintest magnitude visible: +5 


Inner city Suburban sky 
Bortle scale reading: 5 
Dark sky reading: 20-21 


Faintest magnitude visible: +6 


Rural sky 

Bortle scale reading: 3 

Dark sky reading: 21-22 
Faintest magnitude visible: +7 


heritage, including an annual 
International Dark Sky Week in April. 
But just how dark are we talking? 

It was American amateur 
astronomer John Bortle, who 
published what has now become 
known as the Bortle scale. It rates the 
level of light pollution on nine distinct 
levels depending upon what you 
are able to see given the prevailing 
conditions. Class one on the Bortle 
scale is the best possible scenario, 
with the Milky Way crisp and clear 
and its brightest regions even able to 
cast shadows. Under these conditions 
you would also be able to catch the 
faint, roughly 
triangular 


white glow known as zodiacal light, 
in the vicinity of the Sun after sunset. 
You would possibly even catch the 
distant Triangulum Galaxy without 
binoculars or a telescope. At the other 
end of the scale, class nine conditions 
would leave you able to spot only the 
Moon, the planets and the brightest of 
the constellations. 

You can get dark sky apps for 
your smartphone that will help you 
measure the light pollution levels 
where you are and determine how 
good or bad viewing conditions really 
are. You can even contribute your 
measurements of your local night 
sky to citizen science projects such as 
Globe at Night or Dark Sky Rangers. 


Yan aaa 
21.18 


Another way to measure the levels of 
light pollution is on the Sky Quality 
Meter (SQM) scale. These readings 
range from O to 25, with 25 being the 
darkest. A reading of 24 is equivalent 
to a photographer's dark room. In big 
cities you'd be hard pushed to get a 
reading above eight. In the dark skies 
in Galloway, Scotland, however, you'd 
find an SQM level of at least 21. 

So what do you need to consider 
when visiting a dark sky site? Well, 
first it’s worth considering your 
timing carefully. The best time to go is 
during a new Moon, when our natural 
satellite is absent from the sky and 
isn't providing its own form of natural 
light pollution. Dark sky sites are also 
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usually fairly remote, so make sure 
you take plenty of warm clothing, 
particularly in the winter months. A 
flask with a hot drink might also be 
useful. The biggest consideration after 
timing, however, is light. After all, 
youre visiting this place because it is 
one of the darkest around. So if you're 
driving there, be mindful of your 
headlights as you approach, so as not 
to disturb others. 

Once you're set to observe the sky, 
make sure your eyes are completely 
dark adapted - this can take up to 
45 minutes. Whilst you may be 
accustomed to using laser pointers to 
guide others around the sky, this is a 
big no-no at dark sky parks. The same 


ountry 2013-10-02 23:09 NELM 6.64, Moon 4% 
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Dark Sky Meter Loss of the Night 
Cost: £0.79 / $0.99 Cost: Free 


Available for: iOS 
An app that lets you measure the darkness of your sky 
on the Sky Quality Meter (SQM) scale - much cheaper 
than a conventional meter. 


Available for: iOS and Android 
This app allows you to be part of a citizen science 
project, reporting measurements of your local night 
sky to researchers. 
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Gaze roughly north 


- Faceroughly in the direction of 
north (the setting Sun in the west 


is a good guide). 
Find the Plough 


Locate Ursa Major and the 
seven famous stars within it in 
the shape of a saucepan. 


Locate the pointer 
stars 
Find the two stars on the right 
side of the saucepan - the two 
furthest from the ‘handle’. 


Follow them to 
Polaris 
Join the line between the two 
stars and extend it upwards 
until you reach Polaris. 


San Francisc , 


Dark Sky Finder 
Cost: £1.49 / $1.99 
Available for: iOS 


Helps you find a local dark site free from light pollution 
and clouds. Add your own locations to help other 


would-be astronomers. 
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A planisphere or star map 
will help you to find your 
Way around the night sky 
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Scope Nights 
A Cost: £0.99 / $0.99 

Available for: i0S 
As well as a high-resolution light pollution map, this 


app contains up-to-date weather forecasts to ensure 
you find the best skies. 


Dark sky astronomy N 
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goes for torches and phone, tablet or 
computer screens. If you must use a 
torch, perhaps to look at a star map, 
make sure it is dim and is covered 
with a red filter (red is least likely to 
ruin your dark vision). Some observers 
even paint the front of their torch with 
red nail varnish. Some astronomy 
apps and programmes come with an 
in-built red screen function or “night 
mode". Make sure you turn this on 
way ahead of time. 

If you keep yourself fully dark- 
adapted then you'll be in for a 
treat. The most important piece 
of equipment to take with you is 
arguably a pair of binoculars. With 
lower power and a wider field of 
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view than a telescope, you'll be able 
to sweep around the sky and drink 
in the breathtaking panorama before 
you. It is claimed you can see 7,000 
stars from some dark sky parks, for 
example. Not to mention the nebulae 
and star clusters that will be revealed 
before you. 

However, perhaps the greatest 
spectacle you'll witness is the Milky 
Way. Famous constellations such as 
Cygnus and Cassiopeia sit right across 
its bright band. We see it as this dusty 
arch because we are inside it. Imagine 
the shape of the galaxy as two fried 
eggs placed back to back, with the Sun 
and our Solar System sitting about 
half way out from the yolk, in the 
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Clear Sky Droid 
Cost: Free 
Available for: Android 


Provides clear sky charts and details on the best 
astronomical viewing conditions. Add your favourite 


locations via the search function. 
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Double Cluster (NGC 884) 


Target type: Open cluster 
Constellation: Perseus 
Magnitude: +3.8 
Right ascension: 02h 22.0m 
Declination: +57° 08’ 
eee Return to the Milky 
Way and then find 
the constellations 
Cassiopeia and 
Perseus. This 
spectacular double 
cluster is about 
halfway between the two. 


Andromeda Galaxy (M31) 
Target type: Galaxy 
Constellation: Andromeda 
Magnitude: +3.4 
Right ascension: OOh 42m 44.3s 
Declination: +41° 16' 9” 


Head back to Cygnus and down below the 
Milky Way to the square of Pegasus, which 
connects to Andromeda on its left side. 


middle of the white. So when we are 
facing toward the centre of the galaxy, 
we see a thicker, brighter region. This 
is best seen in the summer months 
when the Earth's tilt allows us a more 
complete view of the region. Look out 
for the famous ‘teapot’ asterism in 
Sagittarius, which roughly marks the 
position of the galactic centre. Look 
in the opposite direction and you'll be 
gazing out towards the very edge of 
the galaxy. 

Seeing the sheer amount of dust 
present across the whole sky, you'll 
realise why professional astronomers 
need to use infrared light if they 
want to look through it and observe 
the galactic centre. The flatness of 
our galaxy also means that most of 
the nebulae and star clusters you 
see won't be far away from the main 
band of the Milky Way in the sky. 
Dark sky conditions are great for 
observing globular clusters - ancient 
groups of stars which orbit around our 
Milky Way. All packed together into a 
relatively small area of space, with a 
pair of binoculars they will look like 
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NGC 1502 


Target type: Open cluster 
Constellation: Camelopardalis 
Magnitude: +6.9 

Right ascension: 04h 07.50m 
Declination: +62° 19.9’ 


J Just above the 
Milky Way, on 
= the same side 
as Polaris, sits 
the constellation 
Camelopardalis, 
which contains this open cluster. 
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Brocchi's Cluster 

Target type: Open cluster 
Constellation: Vulpecula 
Magnitude: +3.6 

| Right ascension: 19h 25m 24s 
Declination: +20° 11' OO” 
From Lyra, find Cygnus flying across 
the Milky Way and locate the head of 
the swan. Vulpecula sits just below it. 


“You'll notice that stars come 


in three main colours: red, 
yellow and blue” 


a swarm of fireflies. As you gaze at 
these old stars, consider what it would 
be like for an astronomer on a planet 
orbiting around one of those stars. 
Dark skies would be an impossibility - 
they'd see so many stars in their night 
sky that they could read a book at 
midnight using starlight alone. 

Being away from the bright lights of 
city, you'll also be able to discern the 
colours of things much more clearly. In 
particular, you'll notice that stars come 
in three main colours: red, yellow 
and blue. The reason for their varying 
hues is their different temperatures. 

At first you may think that the red 
ones are the hottest and the blue 
ones the coolest, but it is actually 
the other way around. Blue stars 
have a surface temperature of more 





than 9,700 degrees Celsius (17,500 
degrees Fahrenheit), whereas their red 
counterparts are only at 2,700 degrees 
Celsius (4,900 degrees Fahrenheit). 
The Milky Way, the stars and their 
clusters will always be there year after 
year as the constellations consistently 
wheel through the sky. However, 
dark skies might also allow you to 
catch something more transient. The 
Northern Lights (aurora borealis) occur 
when the oxygen molecules in our 
atmosphere gain additional energy 
when a solar storm interacts with the 
Earth's magnetic field. To get rid of this 
extra energy the molecules give off 
light. As our magnetic field emanates 
from the poles, auroral activity in 
the northern hemisphere is normally 
restricted to areas close to the Arctic 
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Circle. However, particularly big storms 
can overwhelm our magnetic field, 
pushing the storms further south. The 
Northern Lights are often visible in 
Scotland for example. With the storm 
taking a couple of days to reach us, 
there's enough notice to head for dark 
skies to catch the spectacle. 

Meteor showers too can be a 
fantastic sight under dark skies. As 
the Earth passes through clouds of 
debris left behind by comets, tiny 
grains of space dust incinerate high 
in our atmosphere. Our planet's orbit 
takes us through the same clouds year 
after year, leading to annual meteor 
showers. Famous examples like the 
Perseids in August can yield more 
than a meteor a minute at their peak. 
In urban areas you'll only catch the 
brightest fireballs, whereas in a dark 
sky park it will seem as if it is raining 
shooting stars. Also look out for the 
Orionids in October, the Leonids in 
November and Geminids in December. 

Whatever you choose to look at, 
you'll be glad you took the time to 
reconnect yourself with the night sky. 
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Top dark sky sites 
Here are some of the ; 


best dark sky sites in ~~ 
the UK and Europe e' oll Dark Sky Island 
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Galloway Forest Dark S 
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3 Ring Nebula (M57) 

Target type: Planetary nebula 

Constellation: Lyra 

Magnitude: +8.8 

Right ascension: 18h 53m 

35.079s 

Declination: +33° O1' 45.03” 
From Hercules 
move towards 
the band of the 
Milky Way and 
the bright star 
Vega. M57 is just 
below Vega. 


2 Great Cluster (M13) 
Target type: Globular cluster 
Constellation: Hercules 
Magnitude: +5.8 
Right ascension: 16h 41m 41.24s 
Declination: +36° 27’ 35.5" 
From Polaris, head 
through Draco 
to the ‘Keystone’ 
asterism that 
makes Hercules’ 
body. M13 is on 
the right- Fan edge of the shape 
formed by the four stars. 


g Stargazing at Eddington Lodge 
y Enjoy the exceptional dark skies and learn 
more about the wonders of the universe in 
North Cornwall with Eddington Lodge, which 
offers three self-catering log cabins fully fitted 
out to be both practical and comfortable for 
astronomers of all ages. Two observation pods 
with 20" Dobsonian telescopes are available on this 
stargazing holiday, offering you the chance to feast 
your eyes on a variety of night sky gems untouched 
by light pollution. Eddington Lodge also features 
an observatory for astrophotography, allowing you 
to bring home a momento from your astronomy 
holiday. Prices start at £60 (approx $92) per night. 








A TELESCOPE | i. a 


WORTH 


£300! 


With shorter days and longer nights 
just around the corner, we've got the 
telescope that’s ideal for observing 
the wonders of the night sky 





The Visionary Mira Ceti 150 1400 is The package also comes with a Moon 
the perfect companion for viewing a filter, which will provide exquisite 
wide range of night sky targets - from — views of our lunar neighbour's rugged 
the planets in our Solar System to and cratered surface. This light 
deep sky objects such as the Orion Newtonian offers good portability, 
Nebula and Andromeda Galaxy. allowing you to transport it the 
Thanks to Optical Hardware Ltd, short distance to your back garden 
we'e giving one of these six-inch, or further afield to dark sky parks 
medium-sized telescopes away. during the darker months. Its easy- 
The Mira Ceti comes fully equipped __ to-build equatorial mount also offers 
with 25mm and 6.5mm eyepieces you the chance to try your hand at 
to give you magnifications of 56x basic astrophotography along with 
and 215x, as well as a Barlow lens to the desirable ability to slew to your 
crank up the magnification further. chosen target with ease. 


To be in with a chance of winning, all 
you have to do is answer this question: 


A: Winter 
B: Summer 
C: Spring 
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See the wonders of the universe at the UK’s first dark sky park. 
Home to some of the darkest skies in Europe, the Galloway Forest Dark Sky Park is 


the perfect winter destination for an exceptional view of our celestial neighbours. 


With amepome! - —friendly accommodation, regular stargazing events, welcoming 
: he astronomy groups and the Scottish Dark Sky Observatory, you can enjoy 


eee Ate Hihy Win, meteor showers and planetary bodies 





tas Se 
nen ee pee over the next few months. 

ath ’ . bp “ Je , 
a *; With big skies beautiful settings, quiet roads, miles and miles of walking and 










-_ biking oN and fantastic access to wildlife; the Galloway Forest Dark Sky Park 
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New for 2015 — Galloway Forest Dark Sky Park Rangers. 
mike Me MIK=1=1(0 Alou BLO ld ).4'm colale[=1are ale manted lanl xem Zel0lt 
enjoyment of Galloway's star—studded night sky. 


me) manre)cqmialcelanareliolame)aremee)ay(e(eme(-)(el SAYS} 
the dark sky park pages on our website 
forestry.gov.uk/darkskygalloway 





© Forestry Commission 
Picture Library 


molmantelcouialcelanaleliela visit our website 
or call Us on 0300 067 6800 ~ 
www.forestry.gov. uk/da rkskygalloway 


Photographs © NASA & ESA (unless otherwise stated) — 


Background © James Hilder 
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Telescope mount 


buyer's guide 


The correct mount makes all the difference to your views of | 
the night sky. All About Space finds one that's right for you 


Alt-azimuth, fork equatorial, German equatorial - so 
many mounts, but which is the right one for you? 
With a wide variety on the market, combined with 
the different types and brands of telescopes available 
to astronomers, it’s easy to become overwhelmed. 
However, you can cut out the guesswork by 
considering the budget you have and the type of 
objects that you're planning to observe. Another 
factor is whether you're looking to seriously get into 
astrophotography, or how easy - or difficult - you 
prefer your setting up to be. Mounts make a big 
difference, ensuring that you get the best out of 
observing the night sky, so it’s very important that 
you choose the one that meets your requirements. 

There are essentially only two ways to mount 
a telescope, either alt-azimuth or equatorially, and 
each way has its pros and cons. If you are looking 
for a quick set-up and easy-to-use mount, then some 
form of alt-azimuth will probably suit you best. If 
time is an issue for you, avoid the more sophisticated 
instruments with computer drive systems as these 
can take longer to set up. 

Alt-azimuth mounts - which allow the telescope to 
be moved up and down and side to side as separate 
motions - are not well suited to astrophotography, 
other than simple shots of the Moon. In order to get 
the best shots of the many gems that the night sky 
has to offer - such as galaxies, nebulas and planets 
- you'll need an equatorial mount, which follows the 
rotation of the sky. While these mounts tend to be 
larger, heavier and require more effort to set up in 
comparison to an alt-azimuth mount, they can be 
used for long exposure astrophotography and even 
for visual observing. You will only need to guide the 
telescope around the one polar axis rather than in 
both altitude and azimuth directions. 






Best for... 


@ Beginner Intermediate 


Low Medium 
budget budget 








High 
budget 
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[ Ene equatorial 
mount 


Usually used with commercially produced Schmidt- 
Cassegrain and similar telescopes, the fork equatorial 
mount allows the telescope to be driven around the polar 
axis. In the case of this telescope mount, the polar axis 

is formed by the fork itself and looks like a letter U. The 
tilt of the axis is created by an equatorial wedge, which 
enables long exposure astrophotography for sharp images 
of a variety of night sky targets. 


Alt-azimuth fork 
mount 


Most commercially made Schmidt-Cassegrain and 
Maksutov-Cassegrain telescopes are supplied on an alt- 
azimuth fork mount. The telescope is slung between 
the lines of the fork of the mount. The telescope’s 
pivot is the altitude axis and the rotating base 
provides the azimuth axis. These instruments are 
usually provided with either electronic drives to 
both axes or computer systems which will allow 
the telescope to be set up to point to and track 
thousands of objects in the night sky. 


O@ 


Dobsonian mount 


Originally conceived by the American astronomer 

John Dobson, from whom the mount gets its name, 
the Dobsonian is another form of alt-azimuth mount. 
This mount aims to provide a cheap, stable platform for 
larger telescopes and to have very smooth motion in 
both axes. This is achieved by using frictionless Teflon 
bearings so that the user can gently nudge their telescope 
without the object flying off out of the field of view. This 
is a very popular mount due to it being inexpensive and 
a good DIY project for many amateurs. 
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Single arm allt- 
azimuth mount 


This mount suits smaller refractor and catadioptric 
(a combination of refractor and reflector) telescopes, 
as the tube is attached to one arm, as opposed 

to being slung between the two. With small 
instruments this keeps the weight of the system 
down, making them portable. This type of mount is 
favoured by the telescope manufacturer Celestron 
for its smaller range of instruments. They are 
motorised and frequently supplied with a GoTo 
computer tracking system, making them versatile 
and appealing as a family telescope. However, 
remember that the set up of a motorised mount can 
often be time-consuming. , 
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Telescope mount buyer's guide 


Alt-azimuth 
mount 


The complicated-sounding term ‘alt-azimuth' 
actually describes how this mount works. It has two 
axes of movement, the first is in altitude - or up 
and down - the second is in azimuth, which allows 
the observer to move the telescope from side to 
side. The altitude is a circle describing 360 degrees 
around the horizon taking the north cardinal point 
as O degrees and south as 180 degrees. The azimuth 
axis then simply allows for movement around in a 
circle parallel to the ground. Most camera tripods 


are in fact alt-azimuth mounts. You may come across 


various types, but their axes of movement will 
always be the same. 
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German 


” 


equatorial mount 


The German equatorial mount is a very common 
type designed to allow one of its axes to be polar 
aligned. Resembling the letter T, the upright of 
the letter is the polar axis and is tilted to become 
parallel to the Earth's axis. This means it is 

only necessary to track the telescope - which is 
positioned at the end of one arm of the T - around 
this polar axis to follow the path of stars as they 
rise in the east and set in the west. The German 
equatorial is perfect for tracking a specific object. 
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The turquoise ice giant reaches opposition in October 


- here's how to see it 


The planet Uranus was first 
discovered by Sir William Herschel 
in March 1781, greatly expanding the 
known size of the Solar System. It was 
the first planet to be discovered with 
the aid of a telescope - an instrument 
that Herschel built himself and used 
in his garden in Bath, England. 

This year sees Uranus come to 
opposition on 12 October, which 
means it will be directly opposite the 
Sun in our skies, in the constellation 
of Pisces. Opposition is also when 
we are closest to the planet in our 
respective orbits. This is the best 
time to view the planet, as it will 
be visible for most of the night and 
will be at its largest and brightest. 

It will reach its highest point in the 
sky around midnight when it will 
cross the meridian, the imaginary 
line that joins the celestial poles. At 
this time, light from the planet is 
passing through the thinnest part 

of our atmosphere, which improves 
observation as the atmosphere tends 
to blur celestial objects, causing them 
to appear to wobble. 

s Ko abalem Ojr-elercmyolemi all malcom moe: is 
chart that shows the constellation of 


Pisces. Objects in Pisces are tethered 


at the star Alpha Piscium (also known 
as Alrescha), the point of the 'V' shape 
of the constellation. Follow the line of 
the brightest stars northwards on the 

right-hand side of the ‘V’. From Alpha 


Piscium, count four stars. This is the 


star Zeta Piscium. Uranus lies a short 
distance to the north west of this star, 
and to the south west of the fifth star 


Epsilon Piscium. The two stars and 
Uranus form a triangle. 

You will be able to see Uranus 
with binoculars, although it will 
just look like a dim star, so you'll 
need a good star chart to be sure 
you are looking at the right object. 
The best way to view it is through 
a small telescope, where you can 
increase your magnification and 
show it as a greenish disc. Be careful 
not to overdo the magnification, as 
you will get to a point where the 
planet may seem larger but less 
well defined. Remember that you 
are also magnifying the wobbly 
atmosphere and even the wobble in 
the telescope’s mount. 

Because Uranus is so far away, 
at 2.5 billion kilometres (1.7 billion 


See dwarf planet Eris 


In the same region of sky, southeast 
of Uranus and in the neighbouring 
constellation of Cetus, lies the dwarf 
planet Eris. This tiny frozen world 

is even further away than Pluto so 

it is very faint, but it is within the 
grasp of large amateur telescopes 
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equipped with specialist imaging 
gear. The dwarf planet can't be seen 
in any detail, but if you take images 
of the region over several nights and 
compare them, the star that appears 
to be moving against the background 
is likely to be Eris. 


miles) it will never appear as large 
as, say, the planet Jupiter. Again, 
because of its great distance, it is 
not possible to see any features 
in the planet's atmosphere, 
although specialist imaging 
equipment may show up some 
subtle shading on the disc. The 
‘wow’ factor when viewing this 
object comes from knowing that 
you are seeing something so far 
away in our Solar System that wasn't 
even recognised as a planet until 1781. 
There are some things you can 
do to help get the best views of the 
planet as possible - including heading 
to a dark site. Fortunately, the Moon 
is out of the way on 12 October, but 
try to view Uranus from a location 
free of light pollution. You should be 
able to see the planet even in a small 
telescope but the larger the scope, the 
better the view will be since you can 
increase the magnification. Coloured 
filters, which you can use with your 
telescope's eyepieces, help increase 
the contrast and minimise the effects 
of artifical light - Yellow-Green 
(Wratten 12) or Green (Wratten 57) 
work best and should bring the planet 









into sharp relief. You can also try 
Magenta (Wratten 30). If you observe 
the planet over the course of several 
nights, you may notice that it appears 
to be drifting gradually westward 
against the background stars. This, of 
course, is due to its orbit around our 
sun. 

Uranus has 27 known moons, 
the largest of which is Titania - this 
may just be visible in larger amateur 
telescopes, or using specialist imaging 
equipment. Unfortunately, it is not be 
visible in smaller instruments. 
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Ni) arl 
Piscium 


Locate the star Alpha Piscium, also 
known as Alrescha. It is at the bottom of 
the large 'V' shape of the constellation 
and is the brightest star of the pattern. 





Xi Pisclum 


WAC OT VA i 
‘How to view Uranus 
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Find the ice giant in five easy steps 


From Alpha Piscium head Pisces 
northwest to the next bright 
star in the constellation called Xi Piscium. 
These two stars should fit comfortably in e 
the same binocular field. [ jevaecsy 
® Epsilon @ The next star in the ladder is Epsilon 
e e Piscium which forms a triangle with Zeta 
Nu Pisclu] i ] Piscium and Uranus. The planet is just under 1.5° 
Keep heading northwest. The next ee southwest of Zeta and 1.5° southeast of Epsilon. 
bright star to find is Nu Piscium. @ Uranus 
Once again these two stars should fit into 
the same binocular field of view. ° Mu @ 
@® Nu 


Keep on heading northwest past 


Zeta Pisctum 





the next star in the chain, which r bal 
is Mu Piscium, and on to Zeta Piscium. vi 
You are very close now. e @ Alpha 
. 
yA ‘ 
. | 
e 
— eo 
a @ Cetus 
ay 
The path w 
Aug 










of Uranus .. 


iced 


Jun 


in our skies over 
the autumn Towards opposition ® 
elavel Winter Uranus is now once 


again heading west 
after its retrograde loop, 
which finished in August. 
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® Heading away 
As the year draws to a 
close, Uranus moves 
away from us and keeps 
Nov heading westward. 


Dec 


Nimo) s)elesiae)e 
Uranus will be at its 
brightest and closest 


to us on 12 October. Jan 


(CRIS) 
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Using the 
sky chart 

















Please note that this chart is for 
midnight mid-month and set 
for 45° latitude north or south 
respectively. 


Ol Hold the chart above your 
head with the bottom of 
the page in front of you. 


Q2 Face south and notice 
that north on the chart is 
behind you. 


03 The constellations on 
the chart should now 

match what you see in 

the sky. 
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- Las Cruces, New Mexico — 
es Telescope: ‘Takahashi 
“ ms. FS-60C refractor 
-. "[have a long love of 
st onomy and have observed . | 
: the night sky for many r 
4 es with binoculars, and . Wa'a : 
i telescope from the age of ten. I did my first 
Teal’ astrophotography i in 1996, when Lused 
a 35mm SLR (film) camera to take photos’‘of * 
Comet Hyakutake. I took a tripod out into the 
_ desert in Las Cruces and just experimented 
with exposures. Later, I bought a 10" Dobsonian 
. - for viewing, and within a week, was taking 
; ¥ pictures through the eyepiece for fun.” , 
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) spaceanswers.com and we ell showca: e . 
»them every issue | Se ae 


‘NGC6820inthe 7 . . | ‘+ 
~ constellation © _e ey ) 
Vulpecula (The Fox) 
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Veil Nebula (NGC 6995) 
in the constellation 


Cygnus (The Swan) 7 
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| Me & My Telescope / 





The Heart Nebula 
amen ( (0p f.50)5)) 


i 
The Owl Cluster . 
(efor Syp) 




























oll London on » Core ofthe 
Telescope: Altair Astro °* . Phas Heart Nebula 
RC250-TT and SkyWatcher - . “ah ; * (MelotteJ5) 
Esprit IOOED | 
“T haye been imaging for 
around two and a half years 
now. I ‘spent years looking 
__. through various telescopes and eyepieces and 
». enjoyed learning about the night sky. After 
months of research, along with much trial 
» and error, I finally invested in equipment for 
imaging. My biggest challenge was fending * 
off the myths that surround imaging in light 
polluted areas - I started out with DSLR . 
astrophotography but now use a CCD to 
capture a variety of night sky treasures. I get 
very good results, despite being based in a city.” 
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The Whirlpool 
Galaxy (M51a) 


Zodiacal light and the Milky Way 
over Mount Teide in Tenerife 
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“I'm a landscape She sie 
photographer based ps : “ae 


in Dorset.[havebeen 
photographing landscapes 
with emphasis on the : 
| night sky since 2011 after 
shooting aurorae in Iceland - something I 
had longed to do for years. oe 
“T have slowly developed my photographic _ 
style. In the right places, the location opens ~ 
up to dark skies that appear to stretcl 
eternity - perfect for stargazing. Ai 
pinpoint the outer band of our g 
align it with landscapes, which alle 
to generate nightscapes. One of my 
shots is the Milky Way combined with 
zodiacal light over Mount Teide, Tenerife.” 












~~ 


= eee EE ee . — 
Send your photos to...  @spaceanswers @ photos@spaceanswers.com 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 


: “The International 
feature in All About Space oe 
face of the Sun” 
Niki Giada "My setup, which I have 


Location: Pesaro, Italy owned for ten years” 
Twitter: @nikigiada 

Info: Astronomer for 20 years 

Current rig 

Telescope: Konus Konuscope 200mm reflector 
Mount: Equatorial mount 

Other: Nikon D610 DSLR, infrared remote, 
Baader AstroSolar safety filter, software including 
CalSky, RegiStax 6.1, Photoshop Lightroom 





“Ever since I was seven years old, “I continue to work with my really 
I have studied the night sky. My old and shaky telescope because it 
first bits of kit were a pair of 10x50 never ceases to amaze me and Iam 
binoculars, along with a 60mm. always left with beautiful images. By 
refractor telescope - thanks to them improving my simple telescope, I have 
I fell in love with astronomy, with obtained excellent results by being 
Comet Hale-Bopp being my favourite. persistent. I have spent a great deal 
“Thanks to two generations of of time learning to use processing 
photographers in my family, I soon software and reading astrophotography 
became involved in astrophotography pages on the internet. I have also 
and joined the local astronomical experimented with software, which 
society at the age of 14. When I first has really paid off. wOTecablirise me minnicas 
purchased my Konus Konuscope “Since I do not have a motorised by the Moon" 
reflector telescope ten years later, I mount, I enjoy taking nightscape 
wasn't happy with using it for direct images where I am able to join the 
imaging, so I rebuilt parts of it. After land and sky. Thanks to the magic A 
I ra the aes drilled of stacking ae Iam able i coe Me es 
and Venus over 
the tube, soldered the mount and shoot the planets, Sun and Moon Mombaroccio, Italy” 
shortened the focuser, I was left using my webcam. When it comes to 
with a telescope that is ideal for astrophotography, you should always 
astrophotography. I have partaken in a squeeze the maximum results out 
variety of imaging techniques using a of basic setup before investing in 
webcam, a CCD and a DSLR camera. expensive kit.” 
Niki's top three tips 
1. Plan your evening 2. Seek out ideal 3. Wrap up warm 
Have an idea of what you Opportunities It can get very cold at 
would like to observe Using software such night, so ensure that 
and how you intend to as CalSky, and with you wrap up warm 


find it - especially if you. minimum fuss, youcan with plenty of layers - 
do not have the help ofa getanaccuratetime for — especially during the 
GoTo telescope. an astronomical event. winter months. 


> 
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“A single shot of the full Moon using 
my DSLR and my 8” Dobsonian” 







ee ae 
ag he ee" 7 


© “My imaging set up: 
| AstroTrac with pier, 
70mm refractor and my | 
Nikon D7100 DSLR” 





www.spaceanswers.com 





Stargazing stories /' 


“The Great Orion Nebula and the Running 
_ Man (NGC 1977) imaged using my 7Omm 
refractor mounted on an.Astrotrac” 


Some examples. 

of my sketching 

- all targets were 
) observed throug 
my 8” Dobsonian’ 





Jonathen Harty 


Location: Penrhyn Bay, North Wales 
Twitter: @jonathenharty 
Info: Astronomer for over 30 years 


Current rig 


Cassegrain 





i eyepieces 


“On Christmas day 1977 my late father 
gave me a 60mm reflector telescope 
and helped me to set it up that same 
evening. Ever since that night, I have 
been obsessed with astronomy and I 
can't remember a time when | didn't 
own a telescope or even binoculars to 
observe the night sky. I was always a 
solitary astronomer until I was lucky 
enough to meet Andrew and Sue 
Davies of The Knowledge Observatory 
(TKO) at The North West Astronomy 
Festival. We became great friends and 
I was privileged to become a TKO 
ambassador. Getting others involved 
in astronomy is my passion and the 
joy of hearing that “Wow!” as someone 
looks through a telescope for the first 
time is my love. 

“Volunteering for TKO and the 
North West Astronomy Festival 
has allowed me to work with many 
well-known astronomers such as 
Chris Lintott, Will Gater, Nick Howes, 





Telescopes: 8" Sky-Watcher Dobsonian (modified), Altair Astro 
Starwave 7OED refractor, Celestron 90mm C90 Maksutov- 


Mounts: AstroTrac, EQ3-2, Celestron SLT GoTo, wedge and pier 
Other: Nikon D7100 DSLR, ZWO ASII2OMC, Baader Hyperion 


Damian Peach, Paul Abel and Gary 
Fildes, but has also led me to make 
many great friends in the amateur 
astronomy world. Family holidays 
now revolve around dark sky sites, 
especially the Kielder Observatory in 
Northumberland, where I was lucky 
enough to volunteer on my last visit. 
My next holiday will be to TKO's 
Astrofarm in France, where I hope to 
capture some great images. 

“Being resident in North Wales gives 
me easy access to the dark skies of 
Anglesey and Snowdonia and I try to 
head out as often as I can. Whilst I 
love astrophotography, I have recently 
returned to observing and sketching 
through my Dobsonian telescope. I 
love to show off my sketches at the 
Mid-Cheshire Astronomical Group. 

In the future, I hope to get involved 
in getting others enthusiastic about 
astronomy and to invest in a solar 
telescope to observe our nearest star.” 


Jonathen’'s 
top three tips 


1. You don't need a telescope 
Good binoculars and a night sky guide are 





the best way to learn the night sky. Star 
clusters such as the Pleiades and the Beehive 
Cluster look wonderful through binoculars. 


2. Join your local astronomy society 
Members are a wealth of experience and 

are more than happy to assist you with any 
questions. Get involved! 


3. Try sketching 

Sketching is a great way to keep a record of 
your observations and it really makes you 

" “The Pleiades (M45), study a celestial object in detail. A red torch, 


which was imaged using a pencil, and a sheet of paper are all you need. 
my 70mm refractor” 
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Meade Infinity 80AZ 


An attractive and affordable telescope for beginners, this 
refractor offers everything you need to break into astronomy 


For its retail price, we were impressed 
with the build of the Meade Infinity 
80AZ, along with its performance, 
when we took the instrument out for 


Telescope 
advice 




















Cost: £120 / $189.99 a night of observations on an August 
From: Hama UK Ltd evening. Unpacking the refractor, we 
Type: Refractor noted that the telescope comes very 
Aperture: 3.2” well-equipped with three eyepieces for 
Focal length: 15.8” low, medium and high-magnification 


and a Barlow lens, as well as a DVD 
that provides instructions on how to 
set up the telescope. We were pleased 
with the addition of planetarium 
software that advises on over 10,000 
celestial objects in the night sky up 
for observation at different times of 
the year - however, we would note 
that you won't be able to observe all 
of these objects due to the telescope’s 
small aperture. While instructions 
are provided, we felt that setting up 
the Infinity 80AZ was very intuitive 
and, within ten minutes, the refractor 
was built and ready to use, making 

it an ideal instrument for those just 
breaking into the hobby of astronomy. 
From an aesthetic point of view, we 
enjoyed the beautiful finish of the 





Best for... 


Beginners 
| Small budget 

Planetary viewing 
Lunar viewing 

Bright deep-sky objects 


| Basic astrophotography 

















The tripod supported the telescope 
tube and mount substantially as we 
toured the night sky but did shake 


when we brought targets into focus Ge MEA 
‘ADE 






telescope's tube - a striking metallic 
blue that certainly makes it stand 
out from the more-muted black that 
is common with telescopes. The 
Infinity has a great deal of plastic 
on it, but Meade has ensured 
us that the refractor is robust. 
Nevertheless, we advise treating 
the instrument with care. 

With its three-inch aperture, 
we took advantage of the Moon 
in its waxing crescent where 
the terminator made an ideal 
guide to find a selection of 
craters and lunar mare. The red 
dot finder worked extremely 
well as we located the craters 
Langrenus and Stevinus with ease 
before following the terminator 
and appreciating the Infinity 80AZ’s 
efforts in picking out Tycho crater’s 
brilliant ray system. Moving towards 
the Sea of Crises and the Sea of 
Fertility, which popped out with their 
characteristic grey shading against 
the chalky white lunar highlands, we 
headed towards the Moon's lit up limb. 
As previously mentioned, the refractor 





comes with three-element eyepieces 
with focal lengths of 6.3mm, 9mm 
and 26mm. These are of good quality 
with anti-reflection, fully coated optics 
and fold down rubber eyecups, which 
gave fair eye relief. While our overall 
view of the Moon was crystal clear, 
there was an obvious degree of colour 
fringing, also known as chromatic 
aberration, which took the form of a 
purple-blue glow around the Moon's 
edges. Despite this fault, we have to 
say that the view of the lunar surface 
was very sharp. The telescope’s red dot 
finder did exactly as required, allowing 
us to find our way not just around the 
Moon's surface but also around the 
night sky as we continued our tour. 
However, when we were bringing 
targets of interest into focus in the 
refractor's field of view, the mount did 
shake, making the target of interest 
dance around the field too. In order to 
achieve a steady view, we were forced 
to turn the focus knob bit by bit. 
Sweeping the telescope across an 
August sky, we were able to star-hop 
from one target to the next - this 
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The Meade Infinity 80AZ 
is a telescope that's ideal 
for the family - especially 
beginners and children 


age tA was very intuitive 
in ten minutes the 
refractor was ready to use" 


and wit 


is a very important method for the 
beginner astronomer to find their 
way around the heavens. However, 
the highlight of our review of the 
Infinity 80AZ was a spectacular view 
of a seven-day Moon passing slowly 
over the ringed-planet Saturn in an 
occultation. Saturn appeared as a 
first magnitude star, just a couple of 
degrees to the lower right of the Moon 
to the naked eye - it quickly became 
our object of interest in trying out 
the refractor. The planet's majestic 
rings were titled 24 degrees towards 
the Earth and through this small 
telescope, we achieved a small but 
good view of the gas giant. 

The Meade Infinity 80AZ is ideal 
for those just breaking into the field of 
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Telescope advice 


The refractor comes with three 
eyepieces - 6.3mm, 9mm and 
26mm - with anti-reflection 

| fully coated optics and fold- 
down rubber eyecups 
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For the price, the optical 
system operated well and 
provided reasonable views 
- though there was a degree 
of colour fringing around 
bright objects 


astronomy. If youre looking 
to expand your hobby and 
set your sights on fainter 
deep sky objects, then 
you would be better off 
looking for a telescope 
with a larger aperture. 
However, for an entry- 
level telescope, or a starter 
telescope for children, we 
certainly think that this 

a good, reasonably priced 
refractor. Other instruments 
at the £120 ($190) mark 
have either come with limited 
accessories or have been too ‘toy- 
like’ for decent views of our Solar 
System - this scope is certainly ahead 
of the pack. @ 
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{STARGAZER' 


Astronomy software 
for beginner 


SkyGazer 4.5 


All About Space puts two interactive planetariums 
to the test, to find the best tour of the night sky 
Virtual Planetarium 

| Cost: £39.95 / $26 

_ From: Name A Star Live 


Cost: £49.00 / $32 


From: Carina Software & Instruments Inc 


Carina Software's SkyGazer 4.5 offers 
all the necessary information to make 
touring the night sky a breeze, ideal 
for budding astronomers running 


either Windows or Mac OS X systems. 


We enjoyed the close-up three- 
dimensional views of the planets 
in our Solar System, along with the 
database that contains digestible 
information on these worlds and 
their moons, along with thousands of 
asteroids and comets. A fun feature 
allowed us to recreate historical sky 
simulations, such as Mars appearing 
to pass in front of Jupiter back in 1170 
AD. We were also able to download 
the latest orbital data for asteroids, 
comets and spacecraft. 

SkyGazer 4.5 does lack interactive 
tours, but there are animations that 





Verdict 


Winner: Winner: SkyGazer 4.5 
While Virtual Planetarium has a 







smooth and seamless operation. 
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wealth of animations to educate the 
user, along with sky maps to help budding 
astronomers find their way around the 
night sky, SkyGazer 4.5 wins hands down 
for us. Carina Software's product offers 
comprehensive information and features for 
use during observations of the night sky, 
while taking up less computer memory, for 


teach the user about astronomical 
concepts such as eclipses, why a 
change in seasons occurs, as well 

as the motions of the planets. What 
makes this software stand out is 

the implementation of NASA's Jet 
Propulsion Laboratory's planetary 
ephemeris, which can compute the 
positions of the planets much more 
accurately than ever before and allows 
the user to track their positions in the 
real night sky with ease. 

Ideal for those looking to learn the 
basics of the night sky without the 
need to spend an enormous amount 
of money, SkyGazer 4.5 has it all-a 
great purchase for those looking to 
break into viewing the Solar System 
or for astronomers wishing to peer 
into the depths of deep sky observing. 














Virtual Planetarium includes 
interactive sky maps and a large 
library of imagery, along with 
information on the Solar System 
and details on the most recent 
astronomical events. It is ideal for 


find their way around the night sky, 
while learning more about our solar 
neighbourhood - often through the 
medium of movies. 

You can run Virtual Planetarium 
~ on both Windows and Mac OS X 
_ systems. We enjoyed the unique 
_ Space Weather program that allows 
| the user to explore forecasts of the 
~ aurora and solar flares from our 
_ nearest star. Movies of the Aurora 
Borealis along with animations that 


show how and why this phenomenon 


occurs are also included, along with 
_ a pair of 3D glasses to view the three- 
dimensional images on the disc. 


Ol. crac 










budding astronomers who are keen to 


We took advantage of a clear 
evening in August to see how the 
integrated ‘Sky Tonight’ star charts 
performed. Loading the star maps, 
which have a very basic design, we 
could use them to find constellations 
in the night sky with ease. After 
hitting ‘Play’, the sky chart scrolled 
automatically across the map on our 
screen to give us an overview of the 
night sky and its observable objects 
at that time. We were also able to find 
planets and deep sky objects without 
too much trouble, which we followed 
up using a telescope. 

Given that its graphics are relatively 
basic, the software takes up a 
surprisingly large amount of storage 
on both Windows and Macintosh 
machines, which is certainly 
offputting. Nevertheless, Virtual 
Planetarium is an adequate software 
choice for the budding astronomer. 
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Visionary 7x50 

StormForce2 

itis 
Cost: £99.99 / $155 
From: Optical Hardware Ltd 
AVVsldemdatcemecyenleyieleMiclicignelel 
design and multicoated optics, these 
binoculars are impressive. They're 
an essential piece of kit for anyone 
who is not looking to invest in a 
telescope just yet and who wants 
a magnification stronger than that 
offered by 10x50 binoculars. 

Visionary has designed the 
StormForce2 binoculars for low-light 
conditions, meaning that they are 
ideal for picking out fainter targets. 
Sweeping across the rugged, cratered 
surface of a first quarter Moon, we 
took advantage of the terminator 
and enjoyed the views of the lunar 
highlands and lunar seas. We also 
took our time studying the perimeters 
of the craters Plato, Maginus, Moretus 
and Alphonsus. Without a tripod, our 
views were unsteady, so we suggest 
that you get sufficient support for 
these binoculars. @ 
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Olivon TR150-10 
Cost: £99.99 / $155 
From: Optical Hardware Ltd 
With its low price, we were not 
expecting this Olivon tripod to be 
of outstanding quality. However, on 
receiving the TR150 tripod and the 
TRH1O head all neatly stored in a case, 
we were impressed with the sleek 
design and ease of use when attaching 
to a camera. 

The TRH1O three-way head enabled 
us to pan and tilt our attached camera, 
Jo)Ul md s(-Meye(=iele-la(e)nmace)snml-lelelser| ponte 
portrait was slightly stiff. We found 
that it was necessary to steady the 
very lightweight tripod before we 
could make any changes. However, 
once positioned, the rigidity was 
useful and ensured stable shots 
through a DSLR camera. 

This tripod doesn’t match up 
to more expensive models, but 
if you have recently purchased a 
spotting scope, large magnification 
equipment or are new to nightscape 
astrophotography, then this tripod is 
COICNNACIUCRO MICA | 


Jupiter MOVA 

Globe (4.5”) 
Cost: £185 / $150 
From: MOVA International 
Certainly a novel product, this rotating 
globe of gas giant Jupiter is a stunning 
Xa (ehia(o)nmcomslahvacjey-(ecmiclekcwalelels-lsle)(en 
The detail is exquisite, with the 
Jovian bands, the Great Red Spot and 
its white and brown ovals taking a 
true likeness of the king of the Solar 
System. The globe rotates when 
exposed to natural light and comes 
with a three-prong stand, which from 
a distance makes it appear that the 
globe is levitating. 

As the globe is powered by light, it 
rotates gently and silently. With such 
a fine amount of detail on the planet, 
this product is much more expensive 
than a standard globe. Though the 
quality is very high, we feel the white 
seam that runs about the globe's 
centre could have been less obvious. 

This MOVA globe is on the pricey 
side, but given its rarity, beauty and 
low maintenance, it is certainly worth 
splashing out on. @ 





‘ 
NASA Visualization 
Explorer 

Cost: Free 

From: iTunes 


A treasure trove of knowledge, this 
app from the American space agency 
is both educational and interactive, 
providing the user with small, 
digestible pieces of information. 
What's more, it’s entirely free for all 
iPad and iPhone owners. 

The app offers a chance to learn 
all about NASA, its spacecraft and its 
cutting-edge research. News articles 
are added every week - you'll need to 
connect to Wi-Fi for these updates. 

We got stuck into the updated 
version (1.9.4) of the NASA 
Visualization Explorer as soon as we 
downloaded it and found that the 
movie player worked well, with no 
crashing and a relatively seamless 
watching experience. 

There’s always something new to 
learn in the world of space exploration 
and, with its stunning images and 
up-to-date information, this app from 
NASA gets a thumbs up from us. @ 
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Leonov is‘an accomplished 
artist, often focusing on 
space Scenes. He sketched 
many portraits in space of 
the Apollo astronauts who 
accompanied him 


Alexei Leonov 


The first man to walk in space 


Today spacewalks are an almost 
routine part of space exploration 

but the very first spacewalk by 

Alexei Leonov was anything but 
straightforward. Born in the Altai 
region of Siberia on 30 May 1934, he 
graduated from a selection of air force 
academies with honours and was 
quickly picked to be one of the first 20 
people for the Soviet space program. 
Leonov had actually expected to 
become a professional artist, but his 
life took a very different turn, as he 


became a key player in the Space Race. 


In 1965 the Soviet Union was well 
ahead of the US in the race to land 
humans on the Moon: they had 
already launched the first satellite, 
animal, man and woman into space. 
When the Soviet Union learned 
that the US was planning the first 
spacewalk their efforts became 
focused on beating them to it. Leonov 
underwent 18 months of intensive 
weightlessness training and, while the 
US spacewalk was scheduled for June, 
Leonov was first blasted into orbit on 
18 March 1965. 

Leonov shared the two-man 
Voskhod capsule with Pavel Belyayev 
and once it had completed one orbit, 
was given the all clear to begin his 
historic walk. He crawled into the 
airlock, opened the hatch, slid out 
and floated into space. The defining 
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memory for Leonov, as he would later 
recount, was the all-encompassing 
silence of space. “It was so quiet I 
could even hear my heart beat. I 
was surrounded by stars and was 
floating without much control. I will 
never forget the moment. I also felt 
an incredible sense of responsibility." 
For a duration of 12 minutes and nine 
seconds, the cosmonaut conducted the 
first ever spacewalk, while connected 
to the spacecraft by a 5.4-metre (17.6- 
foot) tether. 

However, Leonov's true test of skill 
came when he attempted to return 
to the ship. Experts had not foreseen 
the effect the vacuum of space would 
have on the cosmonaut's suit - it was 
steadily inflating. As the difference in 
air pressure caused the suit to balloon 
out of shape, Leonov's hands were 
pushed out of the gloves and his feet 
out of his boots. In fact the suit had 
ballooned so much that he was unable 
to return through the airlock and to 
add even more danger, he only had 
five minutes before the craft would 
enter Earth's shadow and be plunged 
into total darkness. 

Acting quickly, Leonov bled some 
air out of the suit by opening a 
valve. The suit slowly deflated, but 
he was already feeling the effects of 
decompression sickness, with pins 
and needles in his hands and legs. 





Just in time, Leonov managed to force 
himself through the airlock headfirst 
and close the hatch behind him. 
However, Leonov's troubles were far 
from over: as the capsule attempted 

to re-enter Earth's atmosphere it 
malfunctioned and after an emergency 
landing, Leonov and Belyayev found 
themselves hundreds of miles off 
course in a remote area of the Ural 
mountains. For two freezing nights 
the men waited in temperatures below 
zero before they were finally rescued. 
The Soviet Union were quick to 
celebrate the mission as a success, but 
it very nearly ended in disaster. 

Leonov was hailed as a hero of 
the Soviet Union for his spacewalk, 
but it would be ten years before 
he re-entered space. He served as 
commander on the 1975 Soyuz 19 
mission, the first joint Soviet-US space 
project. His friendly demeanour and 
efforts to learn English impressed 
Americans and softened Western 
perceptions of Russian cosmonauts. 
After the mission, Leonov continued to 
play a major role in space exploration 
for many years, editing the cosmonaut 
newsletter ‘Neptune’ and overseeing 
crew training. 

When Leonov entered the Soviet 
Space program, it was focused on 
beating its American competitors, but 
when he retired in 199], it was from 
a different organisation entirely, with 
Leonov describing the crew of his joint 
American and Soviet mission as, "Dear 
and intelligent people who decided 
to show all of humanity that we are 
different...but can work together." @ 
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ASTRONOMICAL TELESCOPES 











Visionary 


ar 


3” reflecting telescope. Ready to use 
in seconds and so easy. This is a great 
starter telescope. 
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f=300mm d=76mm. 
Standard 1.25” eyepiece fitting. 
4mm (75x) and 12.5mm(24x) 
eyepieces included. 













1400/150 reflecting 
telescope outfit 
OUT OF THIS WORLD 


6” mirror reflecting telescope with 
full astronomical equatorial mount 
for those taking things a little more 
seriously. 
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f=1400mm d=150mm. Standard 
1.25” eyepiece fitting. 10mm (140x) 
and 20mm(70x) eyepieces included. 


A huge 


Eyepieces from 
range of 


4mm - 40mm 





Divide the focal length of your telescope by camera 
idalemey ale\={=1a=\"/=)o)(=\e,-m (OM i] aCe aat=\elaliieriue)an 

: A ge adapters | 
With a Telesto for Co 4 
ry ¢-lanlo)(emmnare\elallilerli(elats _ : Take night sky _ \ 
of 25x - 250x can be Sy, photographs with : 











your SLR or 
fexe)a a) oy= ei mer= leno) r= ie 
even your smartphone. 


achieved with just a 
selection of extra 
eyepieces. 
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Visit our 
“fF facebook page 


www.facebook.com/opticalhardware 


“AWAITS YOU 
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STARLA™ 


Qiick to set up 
Easy to use 
serious viewing 






80mm objective refracting telescope. 
Sets up in minutes and really easy to use. 
This is a great starter telescope yet has 

all the features to grow with your hobby. 
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f=900mm d=80mm. 
Standard 1.25” eyepiece fitting 
10mm (90x) and 25mm(36x) 
eyepieces included plus erecting 
oT obare| =e le)ar-] Miolmsy-(\ Vall exellare 
viewing. 






Visionary 


TELES 


1000/114 reflecting 
telescope outfit 
MEL Cate WCi ice) aveyiihmiele 


4.5” mirror reflecting telescope with full 
astronomical equatorial mount takes 
just a short time to set up and use. 
(©ig-y-)m(e)miat-mel-\ellalal= im Uesialialemcem(st-ln0 
all the basics of astronomy. Accepts 
all standard astro accessories, so the 
Telesto is ready when you are to go 
110 ]atat= em @xe)an] oy-(eimie]o\-mel-s-J(e ame mt 
packs away in less space. 
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f=1000mm d=114mm. Standard 
1.25” eyepiece fitting. 12mm (83x) 
nd 20mm (50x) eyepieces included. 













Filters 


Fit quickly into our range of 


pVite| the rest.. 





eyepieces to increase Cases 

COINS (@xe)| HTaarelce)es 

and clarity. tanto 
Convertors 
aia] exerels) 
Mounts 


and more... 
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> throughout the UK and Ireland, please visit: www.opticalhardware.co.uk 





rr oul binoculars and telescopes are manufactured and distributed by Optical Hardware Ltd. All offers 


fo change without notice. 
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MOST LOVED 
TELESCOPE 


NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 


" Skyat Night 
REVIEWED aS 


SEPTEMBER 








Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


